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UNIT  COSTS 
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of  the  Formulated  Plans  - The  Numbers  Shown  are  Keyed  to 
Those  Used  for  the  Detailed  Cost  Sheet  Component  Columns 
(See  Section  ^ for  Samples  of  Detai led  Cost  Sheets) 

3.  Uni t Costs 


A.  Capital  Costs  - Details  of  Unit  Cost  Determinations 


Cost  Component 


Detailed  Cost  Sneet 
Column  Number 


( Bas  i r Da  ta ) ( i 

Treatment  Faci 1 i ties 

(In  Plants  or  Aerated  Lagoons)  . . . 7-11 

Transmission  Facilities 

Pump  Plant .....  1} 

Force  Main) 

D op  Sha  ft) 14 

Tunne  1 ) 

Secondary  Pump  Plant 15 

Force  Main 16  (See  Col  14) 

S torage  Rese  r .'O  i r 

Rese  r ,'0  i r 17 

Ar  ra  t i on  . 18 

Ch  1 or  i na  t i on ....  19 

Land  Treatment  Site 

Purchase  & Relocation  ......  20 

Site  Preparation 22 

Irrigation  Sy s tern 

Pump  Station.  .........  23 

For-e  Main ?4  (See  Col.  14) 

Equipment  & Distribution  Piping  . 25 

Drainage  System 

Tile 26 

Conduits  & Canals 27 

Sludge  Management 28 

Mi  see  1 1 aneous 

(Monitoring,  Admin.  Bldgs.,  Labs.)  . 29 


CURVES  USED  FOR  COSTING  OF  COMPONENTS  . . .(See  Separate  List) 


CAPITAL  COSTS 
LIST  OF  CURVES 
USED  FOR  COSTING 


Cost  Component Curve 

Pump  Plant  (Station)  A 
Force  Main  0 
Drop  Shaft  C 
Tunnel  (Lined  Mole)  B 
Secondary  Pump  Plant  E 
Lift  Shaft  C 
Aerated  Lagoons  G 
Storage  Reservoir  or  Oet'n.  Pond  F 
Chlorination  H 
Irrigation  Pump  I 
Sludge  Storage  (In  Basin)  K 
Sludge  to  Strip  Mine  Areas  L 
Sewer  J 


Detai led  Cost  Sheet 
Column  Number 

13  Sr  15 
14,  16,  24 
14 

14 

15 
15 
10 
17 
19 
23 
28 


28 


UNIT  COSTS 


Table  of  Contents  (Cont'd.) 


Sect  I on 


3.  Uni t Costs 

B.  Operation  & Maintenance  Costs  - Details  of  Unit  Cost 
Determi nations 


Cost  Component 


Detailed  Cost  Sheet 
Colunn  Number 


(Basic  Data)(See  . Capital  Costs)  . (1-6) 

T rea tment  F ^c i ! i t ies 

(In  Plants  or  Aerated  Lagoons)  . . . 7~11 

Aerated  Lagoons  - Power  .....  lOA 

- Maint.  & Labor.  lOB 

-Chlorination.  . IOC 

Transmission  Facilities 

Pump  Plant  - Power.  .......  13A 

- Maint.  & Labor  . . . 13B 

Force  Main) 

Drop  Shaft)-  Maint.  & Labor  ...  14 

Tunnel  ) 

Secondary  Pump  Plant -Power.  . . . 1 5A 

- Ma  i n t.  & Labor  1 5B 

Force  Main  - Maint,  £■  Labor  ...  16  (See  Col.  14) 

Storage  Reservoir 

Reservoir  - Maint.  & Labor.  ...  I7 

Aeration  - Power.  ........  18A 

- Maint.  6-  Labor  ....  18B 

Chlorination  - Power.  19A 

-Maint  & Labor  . . 19B 

Land  Treatment  Site No  O&M  for 

. . . , Cols,  20  & 22 

Irrigation  Sy s tern 

Pump  Station  - Power.  23A 

- Maint.  & Labor  . . 23B 

Force  Main  - Maint.  fc  Labor  ...  24  (See  Col.  I4) 

Equipment  & Distribution  Piping  - 

Maint.  & Labor 25 

Drainage  System 

Tile  - Maint,  & Labor  ......  26 

Conduits  £ Canals  - Maint.  £ labor  27 

Sludge  Management  - Power.  .....  28A 

- Maint.  £ Labor  . 28B 

Miscellaneous  - Maint.  £ Labor  ...  29 


C.  Contingencies  - Percentage  Applied  to  Capital  Costs 
- Percentage  Applied  to  0£M  Costs 


ABBREVIATIONS 

ADF  = Average  Daily  Flow 

AR  = Annual  Runoff 

MDF  = Maximum  Daily  Flow 

MF  = Peak  Hourly  Flow 

MOD  = Million  Gallons  Per  Day 

TDH  = Total  Dynamic  Head 

TPD  = Tons  Per  Day 


LAND  TREATMENT 

SEQUENCE  OF  COST  COMPONENTS 
OF  FORMULATED  PLANS 


DIAGRAM 


LAND  TREATMENT 

SEQUENCE  OF  COST  COMPONENTS 
OF  FORMULATED  PLANS 


diagram 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  T reatmen  t/F  ormul  otion 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  S lEETS 

FOR  COLUMN  #:  1-6 

ITEM:  Basic  Data 

A.  Cost  Type;  Capital  Cost  X C 

B.  General  Component  leading: 

Transmission  Facilities  

Storage  Reservoirs  

Land  Treatment  Site  


Sub  * Item.’. 


SHEET  NO.. 


JOB  NO.  71.2.  ■ 70 
BY  QAT 


J-20-72 


Operation  t Maintenance  (0£M) 

Irrigacion  System  

Drainage  

Miscellaneous  


C.  Cost  Item:  Basic  Data  (Used  in  Costinc 

Name 


Column : 


Column  No. 


I tern  w/Source  of  Data  ar\d/or  Explanation 
Plant  Name 

Detention  Storage  (MGl 
<I&E 

Phase  I Report  - Part  H 

Plant  Capaci ty  CmDD) 

Was  tewa  te.  ; 

Municipal  Was  tewa  te.'  Flow  - 
U.E  Projections 
Phase  1 Report,  Part  A 
I ndus  trial ; 

AWARE  Projections 
Stormwater; 

leE  Projections 
Phase  I Report,  Part  P. 

Conceptualized  Plants; 

W-ME  Projections 

Raw  Sludge  - If.E  (TPD) 

Winter  Storage  (MG) 


Sanitary  Plant  of  days  of  estimated  app 

No.  of  Days  x ( DF)  = MG  StO'-age  tion  of  wastewater.  Thi 

Sanita:y  Plant  with  Surrsvater  vary  depending  upon  the 

Sanitary  + Stormwater  = MG  Storage  type  being  used  for  trea 

No.  of  Days  x (ADF)  +'/.(AR)  " MG  Storage 
Storiiv/ater  Plant  (two  most  widely  used  %'s  are  shown  as  examples) 
X Annual  Runoff  “ MG  Storage 


Note : The  nuniocr  of  days  used  to 

deteinine  the  Winter  Storage 
equals  365  days  less  the  number 
of  days  of  estimated  applica- 
tion of  wastewater.  This  can 
vary  depending  upun  the  soil 
type  being  used  for  treatment. 


or  X Annual  Runoff  = MG  Storage 

Acres  Needed  for  Treatment 

a.  Sani tary  Plant 

(ADF)  X 3£>5  X 3*ur  ’-'CrC’f  t . ^ t-pp.  Rate  “ Acres 

Mu 

b.  Sanitary  Plant  with  S tornwh te r 

Sanitary  . cres  + Stormwater  .Geres 
(ADF)  X 365  X 3.07  Ajire-f t_,  / App.  Rate 


+ AR  X 3.07  ^ 


/ ''pp.  Rate  “ Acres 


c.  • Stormwater  Plant 

AR  X 3.07  / App. 


Rate  * Acres 


wastewater  management  survey  scope  study 
Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tfeotment/P  ormp  I Qti  on 


Phoia  ^ Sub  • Item.. 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  7-11 

ITFM-  Treatment  (In  Plants)  (Aerated  Lacoon  - Col.  10) 

A. 

B. 


SHEET  NO L 

JOB  NO.  7I_2 


. OF. 


70 


Cost  Type:  Capitcil  Cost  ^ 

General  Component  leading: 

Treatment  Facilities X 

Transmission  Facilities 

Storage  Reservoirs 

Land  Treatment  Site  


C. 


Cost  I tern  Treatment  (In  Plants  or 
Aerated  Lacoon) 

Name 


BY 


nATF  9-20-72 


Operation  fc  Maintenance  (OtM) 


I rr i ga t i on  Sys  tem_ 
Ora  i ncce 


Mi  see  I I aneous 


Column: 


■I  I 


COMPUTATION; 


All  costs  for  sewage  rreafnieni  plants  are  si.pplied  :^y  Havens  £.  Emerson. 
For  Plan  9A,  3 plants  were  costed  using  aerated  lagoons  ratier  tnan 
secondary  treatment  in  sewage  treatment  plants.  THe  costs  for  fiese 
aerated  lagoons  are  included  in  Irnd  treatment  costs  For  Plan  12 
all  plants  were  costed  using  ae'ated  lagoons. 

Column  10  in  tne  detailed  cost  sHeetr.  shows  ae'ated  lagoon  costs 
and  this  component  cost  is  shown  under  the  Land  T eatmen:  Site  head- 
ing rather  tnan  under  Treatment  in  Plants  on  the  plan  cost  summary  sheets. 

Curve  G has  leen  plotted  o show  t.ie  capital  cost  for  a wide  range  of 
aerated  lagoon  treatment  capaciries.  The  costs  sriown  in  column  10  of 
the  detailed  cost  sheets  were  selected  from,  Cu'-ve  G. 


EXPLANATION: 


REFERENCES; 


Havens  t Emerson  - Secondary,  Tertiary  and  Advanced  Wastewater  Treatment 
Plant  Costs 

W-ME  - Aerated  Lagoon  Costs 


FINAL  UNIT  COST  USED;  All  costs  supplied  hy  Havens  C Emerson  except  as  in  Plans  9»  t.  12. 


3 


wastewater  management  survey  scope  study 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  Tfaohr»#n f/ Formulotioo 


Phosa;  - 2 


Sub  • Item.'. 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS SHEET  no._J OF 

FOR  COLUMN  13 job  no.  7i_2  - 70 


ITFM;  Punylng  Plant  to  Tunnel/  Force  Main 

A.  Cost  Type:  Capital  Cost  X 

B.  General  Component  Heading; 

Transmission  Facilities  X 

Storage  Reservoirs  ______________ 

Land  Treatment  Site 


a V date 

Operation  6 Maintenance  (0£M)  ______ 

Irrigation  System  ________ 

Drainage 
MIscel lancous 


I 


9-20-72 


C.  Cost  I tern  Pumping  Plant 

Marne 


Column: 13 


COMPUTATION; 


Curve  A plots  the  costs  of  various  size  pumping  plants  as  used 
in  the  C-SELM  project.  The  costs  are  based  on  actual  contract 
experience  as  well  as  designs  built  up  from  component  labor  antf 
material  costs. 


EXPLANATION: 


REFERENCES: 


OCE  Cost  Curve  - Figure  21  ■ 
Bauer.  C-SELM  Report 
(Feb.  1972) 


1 3 as  shown  i n 


FINAL  UNIT  COST  USED: 


Curve  A Used  to  Determine  Individual  Plant  Costs 


w 


wastewater  management  survey 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE 


SCOPE  STUDY 

RIVERS  watershed  AREA 


Lond  T fotmen  t/  F ormu  1 Qtton 


Phoi« Z. 


Sub  - 


UNIT  COST  CONTAINED  IN  DET/ILED 

COSTING  SHEETS 

Sheet  no. 

OF  ^ 

FOR  COLUMN  #:  lU,  16  and  2U 

JOB  NO.  71  2 

- 70 

ITEM-  Force  Main 

. Bv  W-ME 

DATE  9-20-72 

A.  Cost  Type:  Capital 

3.  General  Component  Heading: 
Transmission  Facilities 

Cost  X 

Operation  (,  Maintenance 

(OtM) 

X 

Irrioation  System  X 

Sforaoe  Reservoirs 

Drai  naae 

land  Treatment  Site 

Mi  seel laneous 

C.  Cost  Item;  Force  Main 

Column;  lA,  16  and  2A 

Name 

COMPUTATION: 

Curve  0 was  plotted  from  data  in  the  referenced  report.  Costs 
of  some  sizes  smaller  as  well  as  larcer  than  those  shown  in  the 
table  were  'hen  determined  by  extrapolation 


EXPLANATION: 


REFERENCES: 


OCE  Cost  Table  21-3  as  shown  in 
3auer,  C-SELM  Report 
(Feb.  1972) 


FINAL  UNIT  COST  USED:  Use  Curve  D to  Determine  Cost  of  Various  Size  Lines 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tf  o»m#n»/Fofmt;)o»iOf> 


Phoi*;  _ 2_ 


Swb  - 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  if:  1 4 and  15 

ITEM;  Drop  Shaft  (Lift  Stmft) 

A.  Cost  Type:  Capital  Cost  X 


B.  General  Component  Heading: 

Transmission  Facilities  X 
Storage  Reservol  rs  ________ 

Land  Treatment  Site  _______ 

C.  Cost  I tern:  Drop  Shaft  (Lift  Shaft) 

Name 


SHEET  NO * OF L_ 

JOB  NO.  71 . 70 
By_GGR__  DATE_2liii 
Operation  (.  Maintenance  (OtM)  _____ 

Irrigation  System 
D ra I naee 
Miscellaneous 

Column:  1 4 and  IS 


COMPUTATION; 


Curve  C,  which  is  Figure  21-14  from  the  O.c  publication 
(Task  No.  21)  of  the  unit  costs  developed  In  the  C-SELM, 
Bauer  Engineering  Study,  is  the  source  of  drop  shaft  and 
lift  shaft  unit  costs. 


EXPLANATION: 


REFERENCES: 

OCE  Cost  Figure  21-14  as  shown  In 
Bauer,  C-SELM  Report 
(Feb.  1972) 


FINAL  UNIT  COST  USED:  Use  Curve  C to  Determine  Costs  of  Various  Diameter  Shafts 


wastewater  management  Survey  scope  study 

CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  T fottn»n  t/  F ormulotion 


Phosa: 


2 


Sub  * Itam:, 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  Hi  1 4 


ITEM: 


Tunnel 


A.  Cost  Type;  Capital  Cost  ^ 

B.  General  Component  Heading: 

Transmission  Facilities  X 

Storage  Reservoirs 

Land  Treatment  Site  


C.  Cost  Item 


Tunne  I 


Name 


SHEET  NO I OF L 

JOB  NO.  7)Z.  - 70 


BT  . 


GGR 


Operation  & Maintenance  (OtH) 


I rrigation  System 
Drainage 


DATE 


S-\‘*-72 


M i see  1 1 aneous 
Co  I umn : 1 ^ 


COMPUTATION: 

Adjusted 
(C 1 eve ) 

COST  PER 
'72 

'72 

LINEAL 

'72 

FOOT  (Constr. 

Cost  Only) 

Finish 

(Rpt) 

(Ltr) 

(C-Selrr 

Rpt) 

1 The  ENR  ’ ' Sep t7'  1 970  | D i a . 

0-D£L 

W-C 

BAUER 

AVERAGE 

ADJUSTED 

Engr.  Construction  Cost  ] 8' 

280 

AOO 

310 

330 

350 

I Index  « 1752  (Cleveland)  ' lO' 

1 (used  by  Dal ton-Dal ton-  , 

360 

A50 

380 

AOO 

AOO 

Little)(TS»^-7^'^  12' 

A60 

500 

AAO 

A 70 

500 

pndex  ="'2025  ’(Clevel and)  | lA' 

570 

600 

530 

570 

600 

2025  _ , (Used  to  adjust  16' 

1752  D-D&L  costs  18' 

from  1970  ■" 

1972) 

660 

650 

6A0 

650 

650 

780 

800 

750 

780 

750 

AM  tunnels  are  lined: 


EXPLANATION; 

Based  on  above  average  costs,  it  is  felt  that  tunnel  costs  in  "adjusted'' 
column  are  reasonable  to  use.  This  means  W-C  costs  as  used  before  can  be 
reduced  $50/ft  for  th*  8',  10',  and  18'  tunnels.  (The  18'  tunnel  is  adj- 
usted to  a slightly  below  the  average  figure  since  the  original  S800  cost 
was  not  in  the  W-C  letter  and  was  ubsequently  extrapolated  at  what  is 
now  felt  to  be  the  more  on  the  high  side  - $750  probably  would  have  been  a more 
reasonable  extrapolation). 


REFERENCES;  September  1970  - Dalton,  Dalton  t Little  Cleveland  Tunnel  Report 
February  1972  - C-Selm  (Bauer)  costs  as  Published  by  Corps 
June  1972  - Woodward-CIevenger  S Assoc.  Inc.  letter  to  W-ME 

FINAL  UNIT  COST  USED:  See  "Adjusted"  column.  (Curje  8 was  plotted  from  the  costs  shexvn 

(Revision  as  of  r-)4-  7)  above) 


wastewater  management  survey  scope  study 

CLEVELAND  ■ AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  T f Qtwient/FoffnMlofion 


Phof «: 


Sub  • 


UNIT  COST  CONTAINED  IN  DETMLEO  COSTING  SKEETS 

FOR  COLUMN  #:  15  — 

ITEM:  Secondary  Pump  Plant 

A.  Cost  Type;  Capital  Cost  _X 

3.  General  Component  Heading: 

Transmission  Facilities  _ 

Storage  Reservoirs — 

Land  Treatment  Site 


. SHEET  NO ! OF 

JOB  NO.  7lX  - 70 

BY  DATE 

Operation  & Maintenance  (ORM)  _ 

Irrigation  System 

D ra  i nage 

Miscel laneous 


I 


q-20"72 


C.  Cost  I fern;  Secondary  Pump  Plant 

Name 


Column: 


ii 


COMPUTATION; 


Curves  A and  E both  plot  the  costs  of  various  size  pumping  plants 
as  used  in  the  C-SELM  project.  The  costs  are  ijased  on  ,,  , 

contract  experience  as  well  as  designs  built  up  for  specific  applications. 

Use  Curve  A for  pumping  into  tunnel  or  pumping  from  plant  to 
storage  reservoirs. 

Use  Curve  E for  pumping  out  of  tunnel. 


EXPLANATION: 


REFERENCES: 


Pumping  Station  Construction  Cost  as  shown  in 
Cost  Data  Annex  to  Technical  Appendix 
C-SELM,  Bauer  Engineering  Report 
(March,  1972) 


Wri ght-McLaughl 1 n Engineers 

FINAL  UNIT  COST  USED:  Use  Curves  A and  E to  Determine  Individual  Pjant  Cqs» 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


L on  d T f eo  tm  Bn  t/Formulotion 


PhasB: 2 


Sub  • Item.'. 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


FOR  COLUMN  #: 

17 

SHEI 

JOR 

ET  NO L 

NO.  71  2 

OF 
- 70 

ITEM:  Storage 

Reservoi rs 

BY  - 

GGR 

DATE  9-15-72 

A.  Cost  Type:  Capital  Cost  X 

B.  General  Component  Heading: 

Transmission  Facilities  _____ 

Storage  Reservoirs  x 

Land  Treatment  Site  


Operation  £ Maintenance  (OSM) 

Irrigation  System  _______ 

Drainage  ___________ 

Mi  see  1 1 aneous 


C.  Cost  Item  Storage  Reservoirs  Column: ]7 


COMPUTATION 

Name 

‘ STORAGE  VOLUME 

COST/MG 

ADJUSTED  COST/MG 
(25%  contingency  Removed) 

Based  on  j 

10  MG 

$8,200  X 

0.8  = 

$6,560 

sample  | 

540  MG 

4,000  X 

0.8  = 

3,200 

designs  ' 
and  1 
costing  1 

12,500  MG 

1 ,275  X 

0.8  = 

I ,020 

50,000  MG 

1 ,230  X 

n 

00 

0 

use  $1  ,000/MG  mi n 

985 

L. 

(4  cells) 

100,000 

(8  cells) 

150,000 

(12  cells) 

Land  costs  and  s i te 

preparat ion 

included 

700  ) Estimated  based 
, on  Bauer  cost 

500  ) «>'Pe'''e"ce 

in  above.  Tight  soils  should  not 

lining. 

EXPLANATION.^Q.j.g,  Costing  is  to  be  done  so  that  any  contingency  factor  which  is  applied 
is  added  at  the  very  end  and  to  the  total  cost  rather  than  to  individ 
ual  I terns  comprising  the  composite  estimate. 

Storage  reservoirs  had  a 2SX  contingency  added  in 
as  used  in  previous  estimates  --  this  ZS%  is  now  removedi 


Chicago-Selm  Reservoir  cost  of  S363/MG  based  on  adjusted  bidding 
experience  at  Muskegon  (C-Selm  Res.  is  369,000  MG) 

(In  8 cells  @ A6,000  MG  per  cell) 


I in  Enginee,-s  - cost  comps. 


3auer  Engr'ng-costs  based  on  Muskegon  and  other  d<ta. 


As  shown  in  adjusted  col.  above  and  as  plotted  for  W-ME  curve 
titled  "Storage  Reservoirs  S De'.'n  Ponds  - Capital  Costs". 
(Revision  as  of  ;-14-72) 


FINAL  UNIT  COST  USED: 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«otm«nt^F£rm^*^ot(^ 


Phase:  2 


Svb  • ham:^ 


UNIT  COST  CONTAINED  III  DETAILED  COSTING  SHEETS  J ^ 1 

SHEET  NO ; OF 


Ena 

rni  iiMH  M • 

18 

JOB  NO.  712-  • 70 

LTFMy 

AERATION 

nv  RMcL  OATF  8-1 1-72 

A. 

Cost  Type: 

Capital  Cost  x 

Operation  & Maintenance  (OSM) 

B. 

General  Component  Heading: 

Transmission 

Fad  1 1 1 les 

Irrigation  System 

Storage  Reservoirs  x Drainage 

Land  Treatment  Site  Miscellaneous 


C.  Cost  Item:  Aeration 

Name 


Column : i8 


COMPUTATION: 

For  emergency  ■ supplemental  storage  aeration.  Prototype  5 MG  module  g 20’  Depth  (avg) 
Area  ■ 31,400  s.f.  or  R ■ 100'  (ok  for  area  of  Influence) 

Avg  BOOj  ■ 12  mg/1  or  BOD^  ■ 20  mg/1 

Say  satisfy  by  feed  g 2 mg/l/day  maximum  rate 

ijl/day  for  5 MG  - 40  #/day/unit  -<2.0  IfO^/hr 

Way  low:  Mixing  Intensity  will  govern.  Normal  for  D.  0.  mix  ■ 6-8  HP/MG 

With  small  units,  reasonable  D.O.  mix  (at  surface  only)  can  be  done 
w/about  1.0  HP/MG. 

5 HP  unit  w/cables  6 elect.  ■ $3,500 

i3.500/5  MG  - S700/MG 
EXPLANATlW: 


REFERf/fES: 

Wr Ight-McLaughI I n Engineers 


FINAL  UNIT  COST  USED: 


$ 700/MG 


^a'.teaater  management  Survey  scope  study 
1'  I EVEt  AND  ■ AKRON  metropolitan  AND  THREE  RIVERS  watershed  area 


Land  TreQtTn«nf/F  ft -0  1,10*1 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  #:  ig  ' " 

Chlorination 

A.  Cost  Type:  Capital  Cost  X 0 

B.  General  Component  Headiny: 

Transmission  Facilities 
Storage  Reservoirs  X 
Land  Treatment  Site 


sheet  NO.  ' OE  ' 

JOB  NO.  7li  ■ 70 
8Y>^in!__  date  . 9-20-72 


Operation  6 Maintenance  (06M) 

Irrigation  System 
Drainage  ___________ 

HI  see  I laneous 


C.  Cost  Item  Chlorination 
Hare 


Co  I umn : 


COMPUTATION: 


Curve  H Is  as  supplied  by  Havens  and  Emerson. 


EXPljANATION: 


REFERENCES: 


lavens  t Emerson 


FINAL  UNIT  COST  USED;  Use  Curve  H to  determine  Chlorination  cost  for  Various  Plant  Size 


d 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tr«atmanl/Formulotion  Phoia; 

UNIT  COST  CONTAIUEO  IN  OETAILEO  COSTING  SHEETS 
FOR  COLUMN  #!  20 

ITEM;  Purchase  t Relocation 

A.  Cost  Type:  Canital  Cost 

D.  General  Conponent  Headiny: 

Transnission  Fac 1 1 1 1 1 cs 

Storage  Reservo i i s 

Land  TreatinciiL  Site  X 


C.  Cost  I ten: 


Purchase  & Relocation 
Name 


^ Sub  • Itfn:  _ 

sheet  no ! — OF. 

JOB  NO.  71 J.  - 70 

by_JS5J|L_  date. 

Operation  G Maintenance  (0SM)_ 

Irrigation  System 
Dra I nage 
Mi  seel  1 anfcous 

Column;  20 


9-14-72 


COMPUTATION: 

Purchase  Land  Cost  - Average  $334. 00/Acre  (page  3 of  letter  from  Dept,  of  Army  - 

see  reference  below) 

Family  Relocation  Cost: 

Average  Farm  “ 80  acres  - based  on  listed  averages 
Cost  for  1 unit  of  farm  buildings  ■ $16,000 
Relocation  Cost  - $5,000 

Total  Relocation  Cost  Relocation  Cost  Total  Purchase  t Relocation  Cost 

for  One  Family  Per  Acre  Per  Acre; 

$16,000  - $21 ,000/80  acres  $334/Ac. Raw  purchase 

5.000  - $252. 50/ "'c.  $262/Ac.  Re  location 

$21,000 


Per  Acre; 

$334/Ac.Raw  purchase 
$262/Ac. Re  1 oca  t i on 
$596Ac. 


iXPLA NATION; 
Me  thod : 


Each  County  priced  by  township  ($/acre) 

Cost  ($/acre)  averaged  for  each  county 

Average  cost  ($/acre)  for  all  counties  “ $334/acre  - See  resume, 

page  3 of  letter 

Average  relocation  cost  " $262. 50/acre  - see  above  or  page  4 of  letter 
Total  Estimated  Cost  Per  Acre  - $600/acre 

(With  157o  variation  allowance  - $?00/acre  - page  4 of  letter) 


REFERENCES;  Dept,  of  The  Army 

North  Central  Division,  Corps  of  Engineers 
536  S.  Clark  Street 
Chicago,  Illinois  6OCO5 

By  letter  - July  24,  1972/Management  G Disposal  Branch,  Real  Estate  Oiv. 


FINAL  UNIT  COST  USED:  S600/Acre  fdoes  not  include  any  contingency 

Revision  as  of  9-14-72 


wastewater  management  survey  scope  study 
Cleveland  ■ akron  metropolitan  and  three  rivers  watershed  area 


Lond  TT«ottT^»nl/F OTmulotion 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  Hi 2J 

Revision  - Farm  Equipment 

A.  Cost  Type:  Capital  Cost  X 0 

B.  General  Component  Heading: 

Transmission  Facilities  I 

Storage  Reservoirs  C 

Land  Treatment  Site  x 

C.  Cost  1 tem  Equipment C 

Name 


sheet  no.. 


JOB  NO.  71.L  ■ 70 

BY  date  3~I^~72 


Operation  & Maintenance  (O&M) 

Irrigation  System 

Drainage  ___________ 

Miscellaneous  __________ 

Column : l 


COMPUTATION: 


Do  not  include  this  in  cost  summary.  This  item  originally  estimated 
at  SlOO/ac.  is  a cost  of  doing  business.  It  more  appropriately  should 
be  considered  as  a deduct  from  farm  income,  along  with  labor,  chemicals, 
gas,  oil,  and  vehicles. 

Net  farm  income  estimates  can  be  more  readily  referenced  to  by  leaving 
out  of  estimate. 


EXPLANATION: 

Land  management  has  been  investigated  in  detail  with  regard  to  specific 
crops,  type  of  application,  type  of  drainage,  etc.  Costs  of  irrigation 
equipment  and  drainage  reflect  land  management  techniques  required 
initially  such  as  surface  preparation  and  specialized  deep  plowing. 

REFERENCES;  Wright  McLaughlin  Engineers 


FINAL  UNIT  COST  USED:  Drop  Farm  Equipment  Cost  ^Revision  as  of  9*1^"72) 

i 

* 

{ 


7 


wastewater  management  survey  scope  study 
Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 


k 


Lond  T reotmTit/Formulofion 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


Phos*:  _ 


Sub  • Ittt 


FOR  COLUMN  H:  22 


ITEM;  Site  Preparation  (Revised) 


A.  Cost  Type:  Capital  Cost  X 

B.  General  Component  Heading: 

Transmission  Facilities  ______ 

Storage  Reservoirs 


Land  Treatment  Site 


C.  Cost  I tern 


Site  Praoara^LlQii 


Name 


SHEET  NO.. 


1 


. OF. 


1 


JOB  NO.  71^  - 70 

W-ME  0ATE_lziilzL2 


BY 


Operation  t Maintenance  (OtM) 


Irrigation  System 
Drainage  


Ml  see  I laneous 


Co I umn : 


M- 


COMPUTATION! 


1)  Woodland  clearing 

2)  Miscellaneous  site  preparation 
such  as  fences,  removals,  site  work 

3'  Access  roads 

4)  Miscellaneous  grading  for  operation 


$3 5 /acre 
20 /acre 

5/acre 
5 ''acre 
$ft5/ac  re 


$6S/acre  Is  basic  site  preparation.  Specialized  site  preparation  to  be 
included  In  irrigation  equipment. 

Note:  Relocation  costs  and  purchase  of  farm  buildings  Included  in 

cost  of  land  at  $700/acre  (Includes  15%  contingency  factor 
Included  by  Chicago  Division).  Thus,  use  $600/acra  In 
computations  for  land  purchase  and  relocation.  Families  not 
moved  from  site  would  tend  to  lower  land  costs. 


EXPLANATION; 


1)  Woodland  clearing  computed  at  10%  of  total  area  at  $350/acre.  Much  of 
woodland  will  not  be  cleared,  however. 

2)  Includes  removal  of  buildings  which  would  conflict  with  operations. 

3)  Access  ro«ids  would  be  In  addition  to  existing  roads,  for  access  to  operational 
points  of  Irrigation  and  drainage  facilities. 

4)  This  Includes  grading  for  Irrigation  facilities,  access  roads,  etc.. 

For  specialized  Irrigation  and  application  technltH>es,  additional  site 
preparation  will  be  Included  under  Irrigation  equipment. 

REFERENCES:  Reservoir  clearing  experience  In  Colorado  * Wright  - McLaughlin  Engineers 

"Cost  Summary  for  Land  Treatment"  ($82/acre) 

"Muskegon  Contract  No.  I" 

C - SftH  Report  - Technical  Appendix  (Cost  Data  Annex) 

March,  1972 


FINAL  l'NIT  COST  USED: 


$A5/gcre 


(Revision  as  of  9-14-72) 


wastewater  management  SURVEY  SCOPE  STUDY 
Cleveland  ■ akron  metropolitan  and  three  rivers  watershed  area 


Land  T 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  i: — ^ 

IjEMj  Pump  Station 


Sheet  no I o 

JOB  NO.  7I_2  . 70 


A.  Cost  Type; 


Capital  Cost 


8.  General  Component  Heading: 

Transmission  Facilities  

Storage  Reservoirs  _____ 
Land  Treatment  Site 


C.  Cost  I tern 


Pump  Station 


Operation  6 Maintenance  (06M) 


Irrigation  System 

Drainage 

Miscellaneous 

Column;  23 


COMPUTATION: 


Curve  I is  based  on  construction  cost  experience. 


EXPLANATION; 


REFERENCES: 

U.  S.  Bureau  of  Reclamation 
Wrlght-McLaughl I n Engineers 

FINAL  UNIT  COST  USED;  Use  Curve  I to  Determine  Individual  Plant  Costs 


pr  . 


1 


I 

t 

i 


wastewater  management  survey  scope  study 

CLEVELAND  ■ AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 
Land  T raotmeni/ F ormu I olion  Phas«:__J^__  Sub  • If m.' 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


FOR  COLUMN  25 

ITEM;  equipment  6 DISTRIBUTION  PIPING  - MAHONING  SOILS  ^ 

Cost  Type:  Capital  Cost  X iTnI  Maintenance  (O&M) 


SHEET  NO.. 
JOB  NO. 

W-HE 


. OF. 


2 

- 70 


A. 

B. 


BY 


DATE 


9/18/72 


General  Component  Heading: 

TranSTifss Ion  Facilities 

Storage  Reservoi rs 
Land  Treatment  Site 

Cos  t I ter; : 


Irrigation  System 
Drainage 


EQUIPMENT  6 DISTRIBUTION  PIPING  Column 
Nan:e 


Mi  see  I laneous_ 

25 


COMPUTATION: 


EXPLANATION: 


MAHONING  SOILS  - MINI -BORDER  SYSTEM 

For  application  rates  of  90  Inches/year  (municipal  effluent) 
or  150  Inches/year  (separate  storm  runoff). 

Automated  farm  distribution  equipment  (25"year  life)  . . $I50/acre 


Site  Preparation: 

Forming  $ lO/acre 

Soli  preparation  and  seeding  $ 15/acre 

Deep  plowing  on  contour $ i<0/acre 

$2 15/acre 


I 


■/ 


1 


REFERENCES:  Donald  L,  Miles,  Irrigation  Specialist,  Agricuiturai  Engineering  Dept. 

Colorado  State  University 

Wr ight-McLaughl I n Engineers  i 

Valmont  Industries,  Inc.,  Valley,  Nebraska 

IRECO  Industries,  Inc.,  Eugene,  Oregon  ^ 

ENRESCO,  Colorado  Springs,  Colorado  , 

Rain  Bird  Sprinkler  Manufacturing  Corp. , Glendora,  California 

Jt 


FINAL  UNIT  COST  USED: 


$215/acre 


WASTEWATER  management  survey  scope  study 
Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 

Land  Traatmant/Formulotion  Phof  ^ Sub  • Itom: 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS sheet  no  _2 of  6 

FOR  COLUMN  »:  25 job  ho.  7,1  - 70 

equipment  distribution  piping-chili  t RELATED  SOILS  IN-BASJ'N  W-ME  date  JZliZZi 

A.  Cost  Type:  Capital  Cost  X Operation  t>  Maintenance  (05M) 

B.  General  Component  Heading: 

Transmission  Faci 1 i t ies  Irrigation  System  X 

Storage  Reservo i rs  Drainage 

Land  Treatment  Site'  Miscellaneous 

C.  Cost  Item:  EQUIPMENT  & DISTRIBUTION  PIPING  Column:_2^ 

Name 


COMPUTATION:  CHILI  AND  RELATED  SOILS  IN-BASIN 

For  application  rate  of  60  inches/year. 
Use  solid-set  system. 


Sprinklers  $ 300/acre 

Distribution  System  $ 175/acre 


$475/acre 


EXPLANATION: 


REFERENCES:  Donald  L.  Miles,  Irrigation  Specialist,  Agricultural  Engineering  Dept. 

Colorado  State  University 
WrIght-McLaughI In  Engineers 
Valmont  Industries,  Inc.,  Valley,  Nebraska 
IRECO  Industries,  Inc.,  Eugene,  Oregon 
ENRESCO,  Colorado  Springs,  Colorado 

Rain  Bird  Sprinkler  Manufacturing  Corp.,  Glendora,  California 


FINAL  UNIT  COST  USED: 


$ 475/acre 


wastewater  management  survey  scope  study 
CLEVELAND  ■ AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«atm*nt/ F ormulotion 


Sub  * 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS SHEET  NO.  J op  p 

FOR  COLUMN  25 job  no  7)2.  - 70 

ITEM;  equipment  & DISTRIBUTION  PIPING  - CARD  I NGTON- BENNINGTON  dateSZIMZL 


SOILS  (composite; 

A.  Cost  Type;  Capital  Cost  X Operation  & Maintenance  (0*M)_ 

B.  General  Component  Heading; 

Transmission  Fad  I Itles  Irrigation  System  X 

Storage  Reservol rs  Drainage 

Land  Treatment  Site'  M Isce I laneous 

C.  Cost  Item;  EQUIPMENT  & DISTRIBUTION  PIPING  Column;  25 

Name 


COMPUTATION; 


CARDINGTON  - BENNINGTON  SOILS 
(COMPOSITE  OF  WESTERN  AREAS) 


Mini -Border 

5t 

0.05 

(175)  - 

9 

Hay  & Pasture 

30% 

0.30 

(‘*75)  - 

11*2 

Corn  (Pivot  Rigs) 

65% 

0.65 

(320)  - 

208 

359 

USE  $360/Acre 


EXPLANATION; 


REFERENCES;  Donald  L.  Miles,  Irrigation  Specialist,  Agricultural  Engineering  Dept. 
Colorado  State  University 
Wrlght-McLaughl In  Engineers 
Valmont  Industries,  Inc.,  Valley,  Nebraska 
IRECO  Industries,  Inc.,  Eugene,  Oregon 
ENRESCO,  Colorado  Springs,  Colorado 

Rain  Bird  Sprinkler  Manufacturing  Corp.,  Glendora,  California 


I 


FINAL  UNIT  COST  USED;  $360/Acre 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tr«atm*n t/Formu lotton 


Phof  • _2  Sub  • 


UNIT  COST  CONT/.IMED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  #;  25 

ITEH:  EOUIPMENT  S.  DISTRIBUTION  PI  P ING  - CAROINGTON-BENN  INGTON 




SHEET  N0.__!_  of 
JOB  NO.  7^2.  ■ 70 
BY &L1 DATE 


A.  Cost  Type:  Capital  Cost X 

B.  General  Component  Heading: 

Transmission  Facilities^ 

Storage  Reservo  I rs 

Land  Treatment  Site 


Operation  & Maintenance  (06M) 

Irrigation  System  X 
Dra I nage 
Ml  seel laneous 


6 


9/18/7? 


C.  Cost  lte.m:  EQUIPMENT  fr  DISTRIBUTION  PIPING  Column:  25 

Name 


COMPUTATION;  CARD  I NGTON-BENN I NGTON  SOILS 

For  application  rate  of  75  Inches/year  on  corn  with  drip  tui>es 
on  rigs.  On  160  acres  one  large  rig  Irrigates  122  acres. 

Cost  of  Pivot  Rig:  $23,000 

Cost  per  acre;  $23,000/122  acres  - $190/acre  Use:  $200/acre 

Cost  of  Piping $100/acre 

Cir  ular  Plowing  with  roads  and  gully  crossing  . . . ^ 20/acre 

$3?0/acre 


EXPLANATION: 


REFERENCES:  Donald  L.  Miles,  Irrigation  Specialist,  Agricultural  Engineering  Dept., 

Colorado  State  University 
WrIght-McLaughI In  Engineers 
Valmont  Industries,  Inc.,  Valley,  Nebraska 
IRECO  Industries,  Inc.,  Eugene,  Oregon 
ENRESCO,  Colorado  Springs,  Colorado 

Rain  Bird  Sprinkler  Manufacturing  Corp.,  Glendora,  California 


FINAL  UNIT  COST  USED: 


$320/ecre 


wastewater  makagement  survey  scope  study 
CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  Traofm ant/ Formal 0*1  on 


Sob  " l*om:_ 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS sheet  no.__5_  0f___&_ 

FOR  COLUMN  I;  2S job  no.  7i2_  • 70 

ITEM;  EQUIPMENT  & DISTRIBUTION  PIPING  - CARDINGTON-BENNINGTONp^  RLT  9/18/72 


A.  Cost  Type:  Capital  Cost  X 

B.  General  Component  Heading: 
Transmission  Fad  I i t ies 

S tor age  Rese  rvo i rs 
Land  Treatment  Site 


Operation  c Maintenance  (0&M}_ 

Irrigation  System  X 
Dra i naae 

Miscellaneous 


C.  Cost  I ten;  EQUIPMENT  & DISTRIBUTION  PIPING  Column; 

Name 


COMPUTATION;  CARDINGTON-BENN INGTON  SOILS 

For  application  rate  of  50  IncOes/year  using  solid-set  system. 

Cost  of  Sprinklers  $300/acre 

Cost  of  Distribution  System $l75/acre 

$475/acre 


EXPLANATION: 


REFERENCES;  Donald  L.  Miles,  Irrigation  Specialist,  Agricultural  Engineering  Dept., 
Colorado  State  University 
WrIght-McLaughI In  Engineers 
Valtnont  Industries,  Inc.,  Valley,  Nebraska 
IRECO  Industries,  Inc.,  Eugene,  Oregon 
ENRESCO,  Colorado  Springs,  Colorado 

Rain  Bird  Sprinkler  Manufacturing  Corp,,  Glendora,  California 


FINAL  UNIT  COST  USED: 


j/acre 


T-. 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 
Lond  Tr«ofm«nt/FofmoJotion  Pha«»  ^ Sub  • l»#m.  __ 


UNIT  COST  contained  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  #:  25 


SHEET  NO  0 

2 

JOB  NO.  7I_  ■ 70 


EQUIPMENT  t DISTRIBUTION  PIPING  - CARDINGTON-BENNINGTON  Rl.T  n.ri:  9/IB/7? 


sens  - MINI  BORDER 


A.  Cost  Type;  Capital  Cost 

6.  General  Component  Heading: 
Transnisslon  Fad  I i t les 
Storage  Reservoi  rs 
Land  Treatment  Site 


Operation  £ Maintenance  (O&M) 

Irrigation  System  X 

Drainage 

Mi  5ccl laneous 


C.  Cost  Item;  EQUIPMENT  £ DISTRIBUTION  PIPING  Column 

Name 


COMPUTATION: 


CARDINGTON-BENNINGTON  SOILS  - MIM-BORDER  SYSTEM 

Automated  Farm  Distribution,  . SlSO/acre 

Site  Preparation 

FormI ng S'  0/acre 

Soil  I reparation  and  Seeding.  $ IS /acre 

S 175/acre 


EXPL/<NATI0H; 


REFCRCNCcS:  Donald  L.  Miles,  Irrigation  Specialist,  Agricultural  Engineering  Dept., 

Colorado  State  University 
Wright-Mcl.aughl  in  Engineers 
Valmont  Industries,  Inc.,  Va’ley,  Nebraska 
I RE  CO  Industries,  I nc  , Eugene,  uregon 
ENRESCO,  Colorado  Springs,  Colorado 

Rain  Bird  Sprinkler  ManuFac tur i ng  Corp.,  Glendora,  California 


FINAL  UNIT  COST  USED: 


i 1 75/acre 


wastewater  management  survey  scope  study 

CLEVELAND  ■ AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  T reotmen t/ F ormu lotion 


Phg«»~  2 Sub  ■ If 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  Hi  26 

ITEM:  Tile  - Mshoning  Soils  - Mini -Border 

A.  Cost  Type:  Capital  Cost  X 

B.  Generai  Coriponent  ileading: 

Transmission  Facilities 

Storage  Re servo I rs 

Land  Treatment  S i te 

C.  Cost  Item:  Tile  - Mahoning  Soils 

Name 


sheet  no ! OF. 

JOB  NO.  71_£  - 70 

BY__£LI DATE. 

Operation  & Maintenance  (OEM) 

Irrigation  Sys tern 
Drainage  X 

M i seel  1 aneous 

Column:  26  


COMPUTATION: 


EXPLANATION: 


REFERENCES: 


MAHONING  SOILS;  MINI-BORDER  SYSTEM 

For  storrmvater  use  150' /yr.  application  rate. 

For  sanitary  sewage  use  90  /yr.  application  rate. 

Spacing  = ?0' 

Total  length  = 7l80' 

Total  cost  of  tile  (2180')  “ $328/a  re 
Collectors  and  structures  = $ 95/acre 

$A73/*cre 

Use  $4?5/acre 


See  above;  Tile  costs  are  based  on  agricultural  costs  in  1977 

as  determined  by  sur.-ey  and  major  checking  w/Agr  1 cu  I tura  1 
Engineers,  including  several  at  Ohio  State  University. 


Donald  L.  Miles  - .Agricultural  Extension  Agent  for  Colorado 
Wrignt-McLaughI i n Engineers 


FINAL  UNIT  COST  USED:  $4:S/acre  (M/HONING  SOUS:  MINI-BORDER  SYSTEM) 


, / 


wastewater  management  survey  scope  study 
Cleveland  ■ akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tf«a tm#n f/Formu iofion 


Phqi«:  2 Sub  - 


UNIT  COST  CONTAIUr.D  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  26 

ITtw:  xi  !e  - Cardl  ngton-Benni  ngton  SoMs 

A.  Cost  Type:  Capital  Cost  X 

B.  General  Conponcnt  Heading: 

Transmission  Faci i i ties 
Storaoe  Reservoi rs 

Land  Treatment  bite 


SHEET  NO OF 

2 

joa  NO.  7i_  - ?o 

RY  T OA  TF  9~  18 

Operation  6 Maintenance  (06h) 

Irrigation  System 

Dra i nage  x 

M i see  1 1 aneous  


C.  Cost  Item:  Ti 


e - Cardi nq ton-Benn I nq ton 

name  HilL 


Column: 


COMPUTATION: 


EXPLANATION: 


CARDINGTON-BENN INGTON  SOILS  — CORN 
Use  appMcation  rate  of  75"/yr. 

Spacing  =«  70' 

Total  length  --  ^ = 0 180  l.f. 

Total  cost  of  tile  (:130')  “ $L80/acre 

Add  $70/acre  for  collectors, 

structures,  etc.  = $ 70, 'acre 

$ 550/a  re 

Deduct  I0/„  for  existing  tiles=  - 55/acre 

$495/«cre 

Net  cost/acre  ” $495/a<  re 


See  aoove:  Tile  costs 

de  termi  ned 
Engi neers , 


are  based  r,n  agri'ii 
by  survey  and  major 
in  luding  severa,  a 


tura  .osts  in  197?  as 
. Terk;ng  w/Ag  r i ^u  I tu  ra  I 
Ohio  State  Uni.ersity. 


psnrxacit: 


Donald  I . Miles  - Agricultural  Extension  Agent  for  Colorado 
Wr i gh t-Mc'.augh I I n Engineers 


FINAL  UNIT  COST  UCED:  $495/acre  (CARD  I NGTON-BENNI  NGTON  S0IIS--CCRN) 


( 


wastewater  management  survey  scope  study 

CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lord  Trootmont/Formolotion 


Pha«*~  2 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS sheet  no._1_  OF__i__ 

FOR  COLUMN  #;  26 JOB  NO.  7)2.  ■ 70 

ITEM;  ji'e  - Cardington-Bennington  SoMs--Hay  & Pasture hatp  9~I8»72 


A.  Cost  Type:  Capital  Cost X 

B.  General  Component  Koadins: 
Transmission  Faci 1 ities 
Storage  Reservoi rs 

Land  Treatment  Site 


Operation  5 Maintenance  (OfcM) 

Irrigation  System 
Drainage  X 

Miscellaneous  


C. 


Cost  Item;  Tile  - CardI nqton-Bennl nq ton 

Name  I 1 s 


Column : 


26 


COMPUTATION: 


EXPLANATION: 


CARDINGTON-BENNINGTON  SOILS— HAY  S.  PASTURE 


Use  application  rate  of  50"/yr. 
Spacing  ■ 30' 

Length  - ^ - IG50  l.f. 


Total  cost  of  tile  (1450') 

Add  $70/acre  for  collectors, 
structures,  etc. 

Deduct  10'>o  for  existing  tiles 
Net  cost/acre 


=>  $320/acre 

“ $ 70/acre 

$390/acre 
“ - 40/acre 

“ $350/acre 


See  above?  Tile  costs  are  based  on  agriculture  costs  in  1972  as 
determined  by  survey  and  major  checking  w/Agricul tural 
Engineers,  including  several  at  Ohio  State  University. 


REFERENCES: 

Donald  L.  Miles  - Agricultural  Extension  Agent  for  Colorado 
Wright-McLaugh! 1 n Engineers 


$350/acre  (CARDINGTON-BENNINGTON  SOILS— HAY  t PASTURE) 


FINAL  UNIT  COST  USED: 


g — 


waste^vater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


Lof'd  T rea  tm«n  t/F  ofmu  lotton 


Sub  « Ite 


UNIT  COST  CONTAINED  IN  DCTAILED  COSTING  SHEETS 


SHEET  NO,. 


. OF. 


FOR  COLUMN  I/:  26 

ITEM;  Ti le  - C^rdi nqton-Benni nqton  Solis — Composite  Cut-of-  R! T 9-I8-72 


Bas  i n 


A.  Cost  Type:  Capita)  Cost ^ 

B.  General  Component  Headlnq: 

Transmission  Facilities 

Storaqa  Reservoirs 


Operation  £ Maintenance  (0£M) 


Land  Treatment  Site 


I rrij.it  ion  System 
Drainage  X 


Cost  Item:  Tile  - Card! nqton-BennI ngton 

iiame  Soils 


M iscr  M anoous 

Coljtun: 


COMPUTATION: 


CARDINGTON-BENN  INGTON  SC  I I.S'-COMPOS  I TE  OF  WESTERN  : AND  AREAS 


Mini -border  5% 
Hay  £ Pasture  30'/, 
Corn  (pivot  rigs)  65% 


.05(350) 

.30(350) 

.65('+95) 


S 18/acre 
$ 105/acre 
$32r/ac  re 


TCT/1  $l+l45/acre 


EXPLANATIOil: 


See  above:  Tile  costs  are  based  on  agricultural  costs  in  1972 

■’s  determined  by  survey  and  major  checking  w// gr ! cu  I tura  I 
Engineers,  Including  several  at  "hio  State  University. 


REFERENCES; 


Donald  L.  Miles  - Tgricultura)  Extension  Agent  for  Colorado 
Wr  i ght-M'.  LaughI  i n Engineers 


$445/acre  (CARDINGTON-BENM  HCTON  SO  I '.S--C0Mi  05 1 TE ) 


FINAL  UNIT  COST  USED; 


wastewater  management  survey  scope  study 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Treatment/Formolotion 


Phof  ^ Sub  * lt*m.\ 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS sheet  no 5 hf  6 

FOR  COLUMN  #:  26 job  no.  7il  - 70 

Tl 1e-  Cardlnqton-Bennlnqton  Sol ls--Mi nl-Border  System  py  RLT  hatc  9-18-72 


A.  Cost  Type:  Capitol  Cost 

B.  General  Component  Heading: 
Transnission  Faci 1 1 1 Ics 
Storage  Reservo i rs 

Land  Treatment  Site 


X Operation  & Maintenance  (OSM) 

Irrigation  System 
Ora  I nage  X 
M I see  I laneuus 


Lost  Item: 


Name 


?6 


COMPUTATION: 

CARDINGTON-BENNINGTON  SOILS— MINI-BORDER  CONCEPT 

Use  30’  spacing. 

Same  as  May  s-  Pt'Sture. 


EXPLANATION: 


See  above: 


Tl le  costs 
de term! ned 
Engineers , 


are  based  on  agricultural  costs  in  1972  as 
by  survey  and  major  checking  w/AgrI cul tural 
Including  several  at  Ohio  State  University, 


REFERENCES: 

Donald  L,  Miles  - Agricultural  Extension  Agent  for  Colorado 
Wrlght-Mcl.aughl  In  Engineers 


final  unit  cost  USED:  $350/acre  (CARDINGTON-BENNINGTON  SO  I LS— Ml N I -BORDER  CONCEPT^ 


t 


wastewater  management  survey  scope  study 
Cl  EVELAND  ■ AKRON  metropolitan  and  three  rivers  watershed  area 

L on  d T r«o  tm  on  t/  F ormu  I oti  on  Phos  o ! 2, Sub"  Horn 


UNIT  COST  CONTAINED  lU  DETAILCD  COSTING  SHEETS 

FOR  COLUMN  /»:  26 

ITEM:  Ti le  - Chill  Soils 

A.  Cost  Type:  Capital  Cos t X 

D.  General  Component  Headint;: 

Transmission  Fnci 1 i ties 
Storaije  Reservo i rs 
Land  Treatment  S I te 

C.  Cost  Item:  Tile  - Cnlil  Soils 

Name 


sheet  no 2 — OF . 

JOB  NO.  7|2_  . 70 

by_1L[ date. 

Operation  & Maintenance  (06M) 

Irrigation  System 
Dra i none  x 

Mi  seel  1 aneous 

Column:  26 


COMPUTATION: 


CH|i  I SOI  LS 

Use  application  rate  of  60'7yr. 

Use  spacing  of  60'  (S  5^“foot  depth 
Length  “ " 726  ft. 


Cost  of  4"  Tl le  (726’ ) 

/■dd  $90/acre  for  collectors, 
structures,  etc. 

Ti'TAL 


$290/acre 


$380/acre 


EXPLANATION; 


Al'  of  tne  Cilii  soils  may  not  require  tile  drainage,  depending 
on  the  topography.  For  example,  on  steep  terrain  tile  drainage 
may  be  limited  to  the  low-lylng  lands. 


REFERMCES: 


Tab  e III,  Practical  Installation  of  Clay,  Concrete  and  Corrugated 
Mastic  Subsurface  Drains,  by  Lyman  u.  Willardson  Also  conversation 
with  Dr . Wi 1 I ardson. 


FINAL  UNIT  COST  USED: 


380/acre  (CHll.l  SOILS] 


wastewater  management  survey  scope  study 

CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lor>d  TfOtmgnt/F ofmulotion 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  #:  T-j 

Trm 

Conduits  and  CanaU 

A.  Cost  Type:  Capital  Cost  X C 

B.  General  Component  Heading; 

Transmission  Facilities  I 

Storage  Reservoirs  £ 

Land  Treatment  Site  h 

C.  Cost  Item  Conduits  and  Canals  C 


Phois'  Sub  - lt*m;_ 


SHEET  NO 1 0 

JOB  NO.  71_  - 70 


9-16-72 


Operation  £ Maintenance  (0£M) 

Irrigation  System 
Drainage  X 

Miscellaneous  

Co  1 umn : 2 7 


COMPUTATION: 

Cost  of  construction  will  be  an  average  of  $25 'acre  over  and  above  drainage  unit  costs. 


EXPLANATION: 


Conduits  •(111  be  required  to  convey  return  flow  to  suitable  discharge  points. 
Canals  «vl 11  be  used  where  volumes  are  large.  Hydrological  studies  in  western 
Ohio  show  stream  regimes  to  be  generally  suitable. 


REFFRENCES: 


Based  on  evaluation  of  typical  units  and  topographical  maps,  and  on  hydrological 
study  of  streams. 


FINAL  JMT  COST  LSEO 


CAPITAL  COST: 


125 /acre 


(Revision  as  of  T-Ih-72) 


J 


wastewater  management  Survey  scope  study 
Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 


Lo«d  T f^O  tm  en  »/ F ormu  I o»i  On 


Phoso.  _ 


Sub*  1 1 em . 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  §-. 


28 


ITEKt — 


Sludge  Management  (In-Basin) 


A.  Cost  Type:  Capita)  Cost 

B.  General  Component  Heading; 

Transmission  Facilities 

Storage  Reservoirs 

Land  Treatment  Site 


Cost  Item  Sludge  Management  (In-Basin) 
Name 


SHEET  Kin  I OF  ^ 

JOB  NO.  - 70 

by__LAL__  riATF  9-21-72 


Operation  S Maintenance  (OtM) 


I rrigatlon  System 
Drainage  


M i see  1 1 aneous 
Co  1 ufiin : 


COMPUTATION: 


Costs  based  upon  the  storage  capacity  needed  for  winter  months. 

(No  costs  were  included  for  land  or  equipment  as  they  are  included  under 
land  acquis; Mon  and  treatment  costs.) 


EXPLANATION: 


Sludge  produced  was  converted  to  gallonage. 
hat  70l;jne, 


Use  Curve  K to  obtain  cost  at 


REFERENCES: 


W r i gh  t-McLaugh  I i n Engineers 


Use  Curve  K ;o  Determine  Costs  of  Sludge  Management  Facilities 
I n-das i n . 


FINAL  UNIT  COST  USED: 


wastewater  management  Survey  scope  study 
Cl  EVEI  AND  - AKRON  metropolitan  AND  THREE  RIVERS  WATERSHED  AREA 


I d T rAQ  trn  en»/f  ormulot'Cn 

WIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  7:  28 

itemT  T7L  ' t ^ 


Sub  * Item: 


A.  Cost  Type:  Capital  Cost  X 

B.  General  Component  Heading: 
Transmission  Facilities 
Storage  Reservoirs 

Land  Treatment  Site  ' — ~ 


SHEET  NO._t OF £. 

— — JOB  NO.  7I_Z  -70 

^ — by LU DATF-  9-2l»72 

Operation  & Maintenance  (O&M) 

Irrigation  System 
Drainage  — — — 

Ml  seel laneous 


C.  Cost  Item  Sludge  Management  (Strip  M.Areas^:nli.mr,> 
Name 

COMPUTATION: 


EXPUNATION: 


Capita}  Cost  for  sludge  management  to  STRIP  MINED  AREAS  based  on: 


1 . PIpel ine  Easement 

2.  Pipe) ine 

3-  Pump  Stations 

Storage  Reservoirs 


5.  Distribution  Piping 

6.  Trucks 

7.  Application  Equipment 


REFERENCES; 

"Bulk  Transport  of  Waste  Slurries  to  inland  and  Ocean  Disposal  Sites  " 

Bechtel  Corporation,  Sept.  I969  ' 

Wr i gh t -Me Laugh  1 i n Engineers 

final  unit  COST  USED:  ^e^.rve  L ,to  Determine  Cost  of  Facilities  for  Sendino  S1udg>  m 

Strip  Mined  Areas.  — a a 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tteotnn«nt/F  ofmu  I otion 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUW  i:  29 

ITEM:  Miscellaneous 

A.  Cost  Type:  Capital  Cos t X ^ 

B.  General  Component  Heading: 

Transmission  Facilities  I 

Storage  Reservoirs  __________  “ 

Land  Treatment  Site  f' 


^ Sub  - ll•tn;_ 


C.  Cost  Item  Mi  seel lanec 

Name 


SHEET  NO.  I 0 
JOB  NO.  7|2_  . 70 


Operation  £ Maintenance 

Irrigation  System 
Drainage  ___________ 

Miscellaneous  y 

Column : oq 


COMPUTATION: 


Computed  at  5 percent  of  irrigation  & drainage  capital  costs.  (Cols.  23  thru  27) 


EXPLANATION: 


Miscellaneous  includes  capital  cost  for  administration  building,  monitoring 
holes  for  ground  water,  alto  outside  electrical  costs  not  already  included  in 
other  major  components  and  labo' atories. 


REFERENCES: 


Wri  ght'McLaughl  i n Engineers 
3auer  Engineering 


FINAL  UNIT  COST  USED:  5 percent  of  Irrigation  S Drainage  Cost  (Cols.  23  thru  27) 
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UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS sheet  ho._J of 

FOR  COLUMN  #•.  1-6 jQg  ^0.  ■ 7o 

ITEM:  Uasic  Data  „„  GGR  9-20-72 


A.  Cost  Type:  Capital  Cost_ 

3.  General  Component  "leading: 

Transmission  Facilities 

Storage  Reservoirs 

Land  Treatment  Site 


Operation  & Maintenance  (OtM) 

Irrigation  System 

C ra i nage 

Miscel laneous 


Cost  Item: 


3asic  Ptita  (Used  in  Costing 
Name 


Co  I umn : 1 -6 


The  basic  data  shown  in  columns  1-6,  as  well  as  the  costs  compiled 
under  the  Capital  Costs  Section  contained  herein,  were  used  to 
determine  tie  various  Operation  and  Maintenance  unit  costs  which 
follow  In  this  OfM  Costs  Section. 


Cleveland 


wastewater  management  survey  scope  study 

• AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


wastewater  management  survey  scope  study 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


I 


Land  TreotTwnt/Formulotion  Pho^o-  2 Sub  • 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS SHEET  NO L.  OF_J_ 

FOR  COLUMN  7-H job  no.  Vi i.  - 70 

ITEM-  Treatment  (In  Plants  or  Aerated  Lagoons) ay  GGR  nATc  9-20-72 

A.  Cost  Type  Capital  Cost Operation  £ Maintenance  f0£M)  X 

B.  General  Component  Heading: 

Treatment  Facilities _X Irrigation  System 

Transmission  Facilities Drainage 

Storage  Reservoi rs Miscellaneous 

Land  Treatment  SI te 

C.  Cost  I tern:  Treatment  (In  Plants  or  Column: 7-1 1 

Aerated  Lagoons^ 

Name 


COMPUTATION: 


All  0£M  costs  for  sewage  treatment  plants  are  supplied  by 
Havens  £ Emerson  except  those  for  Aerated  Lagoons. 

(See  the  computation  sheets  for  Column  10  - Aerated  Lagoons, 
which  follow.) 

Aerated  Lagoons  were  used  for  3 plants  in  Plan  9A  and  all 
plants  in  Plan  12. 


EXPLANATION: 


REFERENCES: 

Havens  & Emerson  - Secondary,  Tertiary  and  Advanced  Wastewater 
Treatment  Plant  Costs 

Wright-McLaughl i n Engineers  - Aerated  Lagoon  Costs 


FINAL  UNIT  COST  USED:  All  costs  supplied  by  Havens  and  Emerson  except  as  in 

Plans  9A  £ 12 


COMPUTATIOM: 

For  'joth  IN-6ASIN  and  OUT-OF-'.AS  IN  : 

$7,550  X Total  ,.0F  (MGO) 

Note:  For  Plan  9A,  3 r'*ots  which  were  costed  individually  have 

aerated  lagoons;  these  costs  were  included  in  land  treatment 
costs  In  Plan  12  all  plants  were  costed  wi.h  aerated  lagoons 


EXPLANATION: 

Power  costs  for  aeration  include  nixing  and  oxygen  transfs  , 
W-ME  coiT-puted  detailed  horsepower  requirements 


' y?" ‘ ‘ "Ml  I’W- -KV -I  -UWI  mm 


wastewater  management  survey  scope  study 

CLEVELAND  ■ AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 
Lond  Tr«atm*ntA£AWi*iMMAB  Phof'  ^ Sub  - 

/ 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS SHEET  NO.—2 0F__3___ 

FOR  COLUMU  #!  lOB  (Treatr^nt) job  no.  7iJi.  - 70 

ITEM;  Aerated  Lagoons  - Maintenance  and  Labor HAB  date 

A.  Cost  Type:  Capital  Cost  Operation  & Maintenance  (O&m)  X 

B.  General  Component  Heading: 

Transmlss Ion  Fad  1 1 1 les  Irrigation  System 

Storage  Reservo i rs  Drainage 

Land  Treatment  S i te  Miscel laneous 

C.  Cost  Item;  Aerated  Lagoons  - Maint.  & Column:  ‘OB 

Name  rSBor 


COMPUTATION: 


3%  of  Capl tal  Cost 

Note:  For  Plan  9A,  3 plants  which  were  costed  Individually  have 

aerated  lagoons;  these  costs  were  Included  in  land  treatment 
costs.  In  Plan  12  all  plants  were  costed  v/l tn  aerated  lagoons. 


EXPLANATION: 


Typical  maintenance  and  labor  figures  based  on  W-ME  experience 
were  also  used  for  comparison. 


REFERENCES: 


Wrl ght-McLaughl 1 n Engineers 


FINAL  UNIT  COST  USED:  3%  of  Capl tal  Cost 


NOTE;  For  Plans  9A  and  12  only. 


WA6TEWATER  management  SURVEY  SCOPE  STUDY 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  7 rmohrt»n  r/f  ormt/iofion 


Phasa  2 Sub  - lr#m._ 


UNIT  COST  CONT-MNFD  iH  DETAILED  COSTING  SHEETS 
FOR  COLUMN  IOC  (Treatment) 


SHEET  NO 3 _ OF L 

JOB  NO.  7]Ji  ■ 70 


ITEM;  ChiLrinatu.n  - Aerated  Laroons  - Maint.  C La^  ~ BY DATE  ■?— 

(Power  NeglicIJle) 

A,  Cost  Type:  Capital  Cost Operation  c Maintenance  (06M) ^ 

B.  General  Conponent  Headinq: 

Transmission  Facilities  ^ Irrination  System 

Storane  Reservoirs Dra i nage 

L.ind  Treatncnt  Site  ...  - Miscellaneous 


C.  Cost  Item:'  Chlorl  nal  ion  - Aera  ted  Lagoons  Colur.ri: 


COMPUTATION: 


In-Sasin  $3,b50  x Total  ADF  (MGD) 

Out-cf-Basin  $2,500  x Total  ADF  (MGD) 


Note:  For  Plan  9;  , 3 plants  which  were  costed  individially  have 

aerated  lacoons;  tNese  costs  were  included  in  land  treatment 
costs  In  Plan  12  all  plants  we  e costed  witn  aerated  lagoons. 


EXPLAUATIOII: 


OCE  and  HtE  curves  for  OtM  were  used  to  ur  ive  at  these  two 
conversions  The  Ou  -of*8asin  unit  cost.-i  a.'e  less  Decause 
larger  systems  are  used 


REFERENCES : 


lavens  and  Emerson 
OCE 


FINAL  UNIT  COST  USED:  $3.^50  x Total  ADF  (MOD).  In-Basin 


500  X Total  ADF  (HOD).  Out-of-Basjn 


NOTE:  For  Plans  9A  and  12  only 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«otfn«nt/Formulotion 


-2 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  I3A 

itfm»  Pump  Station  --  Power 

A.  Cost  Type:  Capital  Cost 

B.  General  Component  Heading: 

Transmission  Facilities  X 
Storage  Reservo i rs 

Land  Treatment  S i te 

C.  Cost  Item;  Pui«P  Station  --  Power 

Name 


SHEET  NO ! O 

JOB  NO.  - 70 


Operation  & Maintenance  (0£M) 

Irrigation  System 

Drainage 

M I see  1 1 aneous 

Column;  13A  


COMPUTATION: 


No  In-Basin  facilities 

Out-of-Basin  ■ $2,100  x Total  ADF  (MGD) 


EXPLANATION; 


Cost  is  based  upon  TDH  of  100*. 

Basic  data  ($.0121/kv*hr  and  6$%  wi re  to  water  efficiency  used  to  pro- 
vide costs  consistent  and  comparaole  to  costs  provided  by  H£C.) 

As  a check,  the  maintenance  and  labor  was  added  to  the  power  and 
compared  to  annual  0£M  costs  for  pumpinc  stations  as  provided  by 
l£E.  The  total  W-ME  OtM  costs  were  also  checked  against  OCE  curves. 


REFERENCES: 


$.0l21/kwhr  and  65%  wire  to  water  efficiency  — Havens  & Emerson 
Curve  for  Annual  Power  Costs  by  Wr i ght-McLaughl I n Engineers 
AOF  - computer  .by  W-ME  and  HtE 
TDH  - W-ME  computations  for  individual  plans 


FINAL  UNIT  COST  USED: 


>2.100  X total  ADF  (MGD) 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tf»atm«nl/Formulotion 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


FOR  COLUMN  /»: 


13B 


ITEM:  PUMP  STATION  - MAINTENANCE  AND  LABOR 


SHEET  NO._I ( 

JOB  NO.  71  2.  ■ 70 

HAB 


BY  . 


A.  Cost  Type:  Capital  Cost 

B.  General  Component  Heading: 

Transmission  Facilities  

Storage  Reservoirs  

Land  Treatment  Site  


C. 


MAINTENANCE  AND  LABOR 
Cost  Item  EXCLUDING  POWER 


Name 


Operation  S Maintenance  (06M) 


Irrigation  System 
Drainage 


DATE 

X 


9/21/72 


M i see  1 1 ancous 
Co  1 umn : ns 


COMPUTATION: 


FOR  OUT-OF-BASIN  PUMP  STATIONS 5%  of  Capital  Cost 


EXPLANATION:  For  annual  maintenance  and  labor  costs  of  pump  stations,  excluding  power, 

51  of  the  capital  cost  was  used.  This  was  obtained  from  expenses  for 

given  sized  plants  in  Colorado  based  on  past  experience.  As  a check, 

maintenance  and  labor  costs  were  added  to  power  costs  and  compared  to 

annual  total  OsH  costs  for  pumping  stations  as  defined  by  Havens  and 
Emerson. 


REFERENCES:  See  Sheet  1 of  2. 


FINAL  UNIT  COST  USED: 


5 Percent  of  Capital  Cost 


wastewater  management  Survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«otm«nt/ Formu lotion 


Phof ! _ 2 • I 


UNtT  COST  CONTAINED  IN  DETAILED  COSTIMG  SHEETS 

FOR  COLUHH  #;  14,  16  and  liT  

— — Force  Main,  Drop  Shaft,  Tunnel  - Maintenance  & Labor 


SHEET  NO  I 0 
2 

JOB  NO.  7I_  - 70 


A.  Cost  Type:  Capital  Cost 

B,  General  Component  Heading: 

Transmission  Facilities  X 
Storage  Reservoirs  — — — 

Land  Treatment  Site  “ 


ance  & Labor  ay  HAB  ntTF  8-20-72 
Operation  6 Maintenance  (O&M)  X 

Irrigation  System  X 

Drainage 

M I seel laneous 


C.  Cost  Item:  Force  Main,  Drop  Shaft,  Tunnel  Column:  14,  16  and  24 

Hnmc  ' 


COMPUTATION: 


1/2%  of  Cap! tal  Cost 


EXPLANATION: 

The  1/2%  rate  was  obtained  from  Havens  t Emerson.  Tnis  percentage 
was  used  for  force  mains,  drop  shafts,  and  tunnel  costs  In  order  to 
provide  costs  consistent  and  compara.Tle  to  costs  jy  Havens  t Emerson.  i 


1 


REFERENCES: 

i 


Havens  & Emerson  i 


i 


wastewater  man agement  Survey  scope  study 
Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 


Lond  T r*otm«n  t/ F ormu  I Of)  on 


Pha»«  2 Syb  • Horn;. 


UtLlT  COST  CQNTAItlED  III  DETAILED  COSTING  SHEETS sheet  no I nr  2 

F0R_C0LUMN  ISA ,,_2  . ,0 

ITEM:  Secondary  Pump  Plant  - Power HAB  date_2iLLiZ? 


A.  Cost  Type:  Capita)  Cost 

B,  General  Component  Heading: 

Transmission  Facilities X 

Storage  Reserve  I rs  ___ 

Land  Treatment  Site 


Operation  C Maintenance  (OtM)  X 

Irrigation  System 

Drainage 

M i see  1 1 anoous 


C.  Cost  Item;  Secondary  Pump  Plant  ■•Power  Column: l5-i 

Name 


COMPUTATION: 


ln-3asin  = $5,550  x Total  ADF  (mGD) 
Out-of-Basin  » $15,000  x Total  ADF  (MGD) 


r ’ V ‘ 

EXPLANATION: 

In-Basin  TDH  - 265' 

Out-of-Basin  TDH  ” 720' 

Basic  data  ($,0121/kwhr  and  l'5.i,v,ire  to  water  ef  f i c i ency)  used  o 
provide  costs  consistent  and  compa.aule  :o  costs  provided  >y  h(£. 

As  a check,  the  maintenance  and  la^or  was  added  to  the  power  and 
compared  to  annual  OEM  costs  for  punping  stations  as  provided  oy 
HtE  T'le  ^otal  W-ME  OtM  costs  were  also  checked  against  OCE  curves 


REFERENCES: 

$.012l/kwhr  end  CS/i  wire  to  water  efficienc/  --  Havens  t Emerson 
Curve  for  Annual  Power  Costs  hy  Wr  i gh  t-McLaur  : I i n Engineers 
ADF  - computed  by  Wr  i gh  ■ -McLaughl  i n Engineers  and  llevens  (■  E«erson 
TDH  - Wright-McLaughl i n Engineers  computations  for  individual  plans 


FIHAL  UNIT  COST  USED;  $5,550  x Total  ADF  (MGD),  In-Rasin 

SIS. 000  X Total  ADF  (MGP).  Out-of-flasin 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


L-«  4 Tf«atm«nt/Fofmu lotion 


2 Sub  ■ ItOfiiv 


Ut<IT  COST  CONTAINED  IN  DETA.LED  COSTING  SHEETS SHEET  NO 2 OF ? 

FOR  COLUMN  I;  IgB JOB  NO.  7\L  • 70 

ITEM;  Sec»ndarv  Puro  Plant  - MBlntenance  >nd  L>bpr date 


A.  Cost  Type;  Capital  Cost 

B.  General  Component  Heading: 

Transmission  Facilities  X 

Storage  Reservoirs 

Land  Treatment  Site 


Operation  6 Maintenance  (OtH)  X 

Irrigation  System 

Drainage 

Ml  seel laneous 


C.  Cost  Item;  Secondary  Pump  Plant  - Malnt. 

Name » Labor 


Co 1 umn : I SB 


COMPUTATION: 

For  In-Basin  Pump  Stations 5%  oT  Capital  Cost 

For  Out“of-Basln  Pump  Stations  ....  3%  Capital  Cost 


EXPLANATION:  , , 

For  annual  maintenance  and  labor  costs  of  pump  stations,  excluding 
po»«cr,  5%  of  the  capital  cost  was  usad  for  In*basln  stations  and 
3%  of  the  capital  cost  for  stations  out-of-basIn.  This  was  obtained 
from  expenses  for  given  sized  plants  In  Colorado  based  on  past 
experience.  As  a check,  maintenance  and  labor  costs  were  added  to 
power  costs  and  compared  to  total  annual  OS-M  costs  for  pumping 
stations  as  defined  by  Havens  and  Emerson.  Out“of“Basln  costs  are 
less  because  the  pump  station  capital  costs  included  shafts  and 
other  related  I terns  which  would  have  an  Oi-M  of  approximately 
l/27o  X capi  tal . 

REFERENCES; 

See  Sheet  I of  2. 


SX  of  Capital  Cost.  In-Basin 
3'ih  of  Capital  Cost.  Out-of-Basin 


FINAL  UNIT  COST  USED: 


WASTEWATER  MANAGEMENT  SURVEY  SCOPE  STUDY 
CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  Tr«of*n*nt/Foniiul«tiOfl  Phai 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  CCLUNW  »l  17 

ITENi  R»»«rvolr  - H>lnfn«nc«  » Labor 

A.  Goft  Typai  Capital  Cost 

B.  Gcnaral  Component  Heading! 

Transmission  FacI 1 1 ties 

Storage  Reservoirs  x *~~~ 

Land  Treatment  Site 


aia'  ^ Sub  • ltam:_ 


SHEET  NO L_  OF  1 

JOB  NO.  71^  • 70 

FY-  HAB  n,TF  9-20-72 

Operation  t Maintenance  (OtM)  X 

Irrigation  Systaiw 
Dra I nege 
Miscellaneous 


C.  Cost  Item;  Kms»rvol  r - Hainfnanc*  t Labor  Column:  17 

Name 


COMPUTATION: 


1/2%  of  CapI  tal  Cost 


EXPLANATION! 


Based  on  0(.H  cost  for  force  mains  and  shafts  plus  general  experience 
with  similar  type  reservoirs. 


REFERENCES: 


WrIght-McLaughI i n Engineers 


FINAL  UNIT  COST  USED:  Ji 


WASTEWATER  management  SURVEY  SCOPE  STUDY 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 

Lond  Tr«ohn»nt/Fon>iulo»ion  Phg««-  2 Sub  - (fair 


ilRlT  COST  CONTAINED  IN  DETMLED  COSTING  SHEETS SHEET  NO L_OF_l__ 

FOR  COLUMN  #!  18A  - Powai  t 18B  •*  Malntenanc«  ^ Labor job  no.  71?_  • 70 

ITEM;  ATRtlon HAB 


A.  Cost  Type:  Capital  Cost 

B.  General  Component  Heading: 

Transmission  Fad  1 1 ties 
Storage  Reservoirs  X 

Land  Treatment  Site 


Operation  & Maintenance  (OtM)  X 

Irrigation  System 
Drainage 

Miscellaneous  


C.  Cost  Item;  Aeration  - Power/Mal nt.S-  Labor  Column;  I8a  and  18B 

Name 


COMPUTATION: 

For  Plant  9A  and  12 
In^Batln 

Power  “ $20  x Storage  Reservoir  Volume  In  MG 

Maintenance  and  Labor; 

$20  X Storage  Reservoir  Volume  In  MG 

Out-of>Basln  and  In  reservoirs  for  storimater  runoff  In-basin 
there  is  no  aeration  of  storage  reservoirs. 


EXPLANATION; 

In-Basin,  Plant  9A  and  12  --  Power  was  determined  by  W-HE. 


REFERENCES: 

WrIght-McLaugh) In  Engineers 


final  UNIT  COST  USED:  $20  x Storage  Reservoir  Volume  In  MG  for  Power  end 


$20  X Storage  Reservoir  Volume  In  MG  for  Maintenance  A Labor 


wastewater  management  survey  scope  study 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 

Lor>d  Tf*otTTi«nt/F  ormulofion  Ph o s • - .,2  . 


UNIT  COST  CONTAiriED  IN  DETAILED  COSTING  SHEETS sheet  no ’ op  ' 

FOR  COLUMN  Ki  |9B job  no,  7ii  70 

ITEM;  Chlorination  - rtaint.  i-  Labor  (Assumes  Powr  Cost  ov  HAB  date -ilillZi 

Negl Igible) 

A.  Cost  Type:  Capital  Cost  Operation  t Maintenance  (06M)  X 

B.  General  Component  Heading; 

Transnlssion  Faci 1 i t ies  Irrigation  System 

Storage  Reservoirs Dra i nope 

Land  Treatment  Site  M I see  1 1 .tmcous 

C.  Cost  Item;  Chlorination  Column: 

Name 


COMPUTATION: 

Effluent  to  storage  reservoirs  to  land  site  treatment; 
$1,825  X Total  DF  (MGD) 


■ r 

' - c » y \ 

i ' ; >V 

ti  i r&iLLt- 

EXPLANATION: 


This  Is  1/2  of  the  HtE  and  OCE  chlorination  ijf,M  costs  as  the 
chlor'oe  treatment  concen t ra t i on  is  less  than  1/2  requi red  for 
secondary  treated  sewage.  This  cost  is  equivalent  to  t lat  used 
by  Bauer  Engineering, 


REFERENCES; 


CCE 

Bauer  Engineering 


FINAL  UNIT  COST  USED:  SI. 825  x Total  ADF  (MGD) 


WASTEWATER  management  SURVEY  SCOPE  STUDY 
CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  T feotni*nt/Formulofion  Phat«'.. 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


Sub  “ lt« 


FOR  COLUWI  20  and  22  (Col.  21  Cost  ws  droppad) 
ITEM;  Purchase  & Relocation;  Site  Preparation 


SHEET  NO.. 


. OF. 


JOB  NO.  71^  • 70 


BY  . 


W-HE 


DATE. 


9-22-72 


A. 

B. 


C. 


Cost  Typo:  Capital  Cost_ 

Genaral  Componant  Heading: 

Transmission  Fad  1 1 ties 

Storage  Reservol rs 

Land  Treatment  Site X 


Operation  c Maintenance  (OfrM)  X 


Irrigation  System_ 
Oral nage_ 


Cost  Item:  Purchase  & Relocation;  Site 

Name  Trap. 


M I s ce 1 1 aneous 
Column: 20  and  22 


THERE  ARE  NO  OPERATION  AND  MAINTENANCE  COSTS  FOR  THE  FOLLOWING: 

Column 


Component 

Land  Treatment  Site 

Purchase  and  Relocation 
Si te  Preparatl on 


20 

22 


WASTEWATER  management  SURVEY  SCOPE  STUDY 
CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  Tfaofmant/Fonnulation 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  !■.  

ITEM;  Rung  Station  - Power 

A,  Cost  Type:  Capital  Cost 

B,  General  Component  Heading: 

Transmission  Fad  1 1 1 ies 
Storage  Reservol  rs 

Land  Treatment  S I te 

C,  Cost  Item:  Pump  Station  - Power 

Name 


JOB  NO.  71^  • 70 

hy  date 

Operation  ( Maintenance  (O&m) 

Irrigation  System  X 

Dra i nagc 
M i see  1 1 aneous 

Column:  23A 


COMPUTATION: 


ln-8«sln  “ Wastewater:  $18  x acres 

Separate  Stormwater:  $36  x acres 

Out-of-Basln  “ $16  x acres 


EXPLANATION:  In-BasIn 

Wastewater  - TDH  - IpO' 

Average  application  rate  “ 75" 

Stormwater  - TDH  ” ISO' 

Average  application  rate  " ISO" 

Out-of-Bas I n 

TDH  - ISO' 

Average  application  rate  ■■  66" 

Basic  data  ($.0121/kwhr  and  65a,  wi  re  to  water  eff  1 clency^used  to 
provide  costs  consistent  and  comparable  to  costs  provided  by  HtE. 
The  total  W-ME  OtM  costs  were  also  checked  against  OCE  curves. 


REFERENCES: 


$.0I21/kwhr  and  65%  wire  to  water  efficiency  - Havens  &.  Emerson 
ADF  computed  by  Wr I gh t-McLaughI I n Engineers  and  Havens  & Enarson 
TDH  - WrI ght-McLaughl I n Engineers  computations  for  Individual  plans 


FINAL  UNIT  COST  USED:  In-Basin  Wastewater  - $18  x acres 

In-Basin  Separate  StonMeter  - $36 
Out-of-Basln  - $16  x acres 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«atm*nt/Fonnulotion 


Phgs«;  0 


Sub  • 


UNIT  COST  CONTAINED  IN  DE.AILED  COSTING  SHEETS 
FOR  COLUMN  f:  23B 


ITEM;  Pump  Station  - M«lnf nance  and  Labor 


A.  Cost  Type;  Capital  Cost 

B.  General  Component  Heading; 

Transmission  Facilities 

Storage  Reservoirs 


Land  Treatment  Site 


, OF. 


SHEET  NO._ 

JOB  NO.  7)2.  ■ 70 
BY  OATF  9-21-72 


Operation  £ Maintenance  (OtM)  X 

Irrigation  System  x 
Drainage 


Ml  see  I lancous 


C.  Cost  Item;  Pump  Station  - Maintenance  £ Column; 

Name  Labor 


23B 


COMPUTATION; 


For  In-Basin  Pump  Stations 5%  of  Capital  Cost 

For  Out-of-BasIn  Pump  Stations  . . . of  Capital  Cost 


EXPLANATION; 

For  annual  maintenance  and  labor  costs  of  pump  stations,  excluding 
pOMer,  3%  of  the  capital  cost  was  used  for  In-basin  stations  and 
3%  of  the  capital  cost  for  stations  out-of-basin.  This  was  obtained 
from  expenses  for  given  sized  plants  in  Colorado  based  on  past 
experience.  As  a check,  maintenance  and  labor  costs  were  added  to 
power  costs  and  compared  to  total  annual  0£M  costs  for  pumping 
stations  as  defined  by  Havens  and  Emerson. 


REFERENCES; 

See  Sheet  I of  2. 


I 


5%  of  Capital  Cost  In-Basin 
3%  of  Capital  Cost  Out-of-Basin 


FINAL  UNIT  COST  USED; 


i I 


__ 


wastewater  management  survey  scope  study 
Cleveland  - akron  metropolitan  and  three  rivers  watershed  area 


Lond  Tr«orm 90*/ Formulation 


Photo;  ? 


Sob  • Itom.. 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


TOTl  COLUMN  i:  25 


. SHEET  NO. 


. OF. 


ITEM:  Equipment  and  Distribution  Piping  - Maint.  & Labor 


JOB  NO.  7l2_  • 70 


HAB 


DATE 


9-21-72 


A.  Cost  Type:  Capital  Cost 

B.  General  Component  Heading: 
Transmission  Facilities 
Storage  Reservoirs 


Operation  & Maintenance  (O6M)  X 
Irrigation  System  X 


Land  Treatment  Site 


Dra i naqe 


Cost  Item:  Equipment  and  Distribution 

Name  PTPTnq 


Mi  seel  1 aneous 
Column:  25 


COMPUTATION: 


In-Basin  “ $4/acre 
Out-of-Basin  ■ SlO/acre 


EXPLANATION: 


Mini-border  system  used  in-basin  and  some  solid  set  system. 
Both  would  have  same  maintenance  and  labor  costs. 

The  $10  rate  reflects  an  increase  due  to  higher  labor  and 
maintenance  on  pivot  sprinklers. 


REFERENCES: 


Oonald  L.  Miles  - Agricultural  Extension  Agent  for  Colorado 
Wright-McLaughI  I n Engineers 


final  unit  COST  USED:  $4/acre  In-Basin 

SlO/acre  fut-of-BasIn 


1 


J 


WASTEWATER  management  SURVEY  SCOPE  STUDY 
CLEVELAND  • AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Land  T f»o tm on 


PhQ«g~  2 Sub  - ItomL 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  #;  26 


ITEM:  TMe  ■>  Maintenance  and  Labor 


A.  Cost  Type:  Capital  Cost_ 

6.  General  Component  Heading; 

Transmission  Facilities 

Storage  Reservoirs 


Land  Treatment  Site 


C.  Cost  Item;  Tile  - Maintenance  and  Labor 

Name 


SHEET  NO.. 


1 


OF. 


± 


JOB  NO.  7lZ  ■ 70 

pv  HAfl date  ■ 3~2^~7? 


Operation  6 Maintenance  (06M) 


I rr Igat ion  System_ 
Drainage X 


MI  seel laneous 
Column:  26 


COMPUTATION: 


In-Basin  ■ $4/acre 
Out-of-Basin  ■ $4. 50/acre 


EXPLANATION: 

Maintenance  is  app rox i ma te I y 1%  of  Capital  Cost. 


REFERENCES: 

Donald  L.  Miles  - Agricultural  Extension  Agent  for  Colorado 
Wright-McLaughl I n Engineers 


FINAL  UNIT  COST  USED:  In-Basin  - $4/acre 

Out-of-BasIn  - $4. 50/acre 

J 


wastewater  management  survey  scope  study 

CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Tr«olni«nt/Forniulotion 


PKofe; ^ 


Sub  - Hum;, 


UNIT  COST  COMTAIMED  IN  DETAILED  COSTING  SHEETS 

FOR  COLUMN  27 

I TEH:  Conduits  and  Canals  - H«lntenanc«  & Labor 


SHEET  NO ! OF 

JOB  NO.  7li_  - 70 
av  RRW DATE 


1 


3-16-7: 


A.  Cost  Type:  Capital  Cost  Operation  & Maintenance  (OEM)  x 

B.  General  Component  Heading: 

Transmission  Fad  1 1 ties  Irrigation  System 

Storage  Reservoirs Drainage j 

Land  Treatment  Site  Miscellaneous 


C.  Cost  Item;  Conduits  and  Canals 

Name 


Co  I uinn : 27 


COMPUTATION: 


Cost  of  construction  will  be  an  average  of  $25/acre  over  and  above 
drainage  unit  costs. 

Maintenance  and  Labor  cost  for  conduits  and  canals  will  be  S2/acre, 


EXPLANATION: 


Conduits  will  be  required  to  convey  return  flow  to  suitable  disc.ba'ge 
points.  Canals  will  be  used  where  volumes  are  large.  Mydroiog  i r.a  I 
studies  in  western  Ohio  show  stream  regimes  to  be  generally  suitable 
Based  on  evaluation  of  typical  units  and  topographical  nape,  and  on 
hydrological  study  of  streams. 


REFERENCES: 

Wright'HcLaughI i n Engineers 


FINAL  UNIT  COST  USED: 


$2/acra 

(Revision  as  of  9-14-72) 


wastewater  management  Survey  scope  study 
CLEVELAND  - AKRON  METROPOLITAN  AND  THREE  RIVERS  WATERSHED  AREA 


Lond  Trmofmmnt/Formulofion 


Phaa»  ^ Sub  • 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  #:  28 

■TEh:  Slud9«  Management  (Includes  Power  Cost) 


SHEET  NO ! OF ! 

JOB  NO.  7I_i  - 70 

HAB  9-21-72 


A.  Cost  Type:  Capital  Cost 

B,  General  Component  Heading: 
Transmission  Fad  1 1 ties 
Storage  Reservol rs 

Land  Treatment  Site 


Operation  & Maintenance  (O&M)  X 

Irrigation  System 
Dra i nage 

Miscellaneous  


C.  Cost  Item:  Sludge  Management  (Includes  Column;  28 

Name  Power  tost) 


COMPUTATION: 

I n-Bas i n 

No  OfrM  cost  for  separate  stormwater  derived  sludge. 
Plans  9A  & 12  •=  $750  x Total  ADF  (MGO) 

All  other  plans  ■ $1200  x Total  ADF  (MGD) 

0ut-of-Ba$ln 

Plans  9A  and  12  - $750  x Total  ADF  (MGD) 

All  Other  plans  ■>  $l«80  x Total  ADF  (MGD) 


EXPLANATION; 

The  $750/MGD  Is  equivalent  to  $25/ton  for  aerated  lagoons.  This  was 
determlnad  by  W-ME  based  upon  the  required  equipment  and  sludge  dis- 
posal on  land  within  approximately  6 miles. 

The  $480/MGD  rate  Is  equivalent  to  $l6/ton  which  was  obtained  from 
the  Bechtel  Report  on  pipeline  sludge  disposal  to  strip  mine  areas. 

The  $I200/MGD  Is  equivalent  to  $l«0/ton  for  1 n-Bas In  combined  sludge 
dl sposai . 


REFERENCES: 


WrIght-McLaughI In  Engineers 
Bechtel  Corporation 


FINAL  UNIT  COST  USED:  In-Basin  - $1200  x Total  ADF  (MCD) 

In-aasin  Plans  9A_and  12  - S>S6  ^Totai  ADF  (HGD) 
Out-of-Basin  - $l«80  x Total  ADF  (MGD) 

Out-of-Basin  Plans  9A  and  12  - $750  x Total  ADF  (MGD) 
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UNIT  COST  CONTAINED  IN  DETAILCD  COSTING  SHEETS 
FOR  COLUMN  )»:  29 

ITEM;  HI acel lan«ous  - Maintenance  t Labor 


SHEET  HO. . 


. OF. 


JOB  NO.  71_  ■ 70 
KRW 


BY 


DATE 


9-16-72 


A. 

B. 


Cost  Type:  Capital  Cost Operation  C Maintenance  (O6M) x_ 

General  Component  Heading: 

Transmission  Facilities Irrigation  System 

Storage  Reservoirs 


Land  Treatment  Site 


Ora i nagc 
Mi  see  I 1 .aneous 


C.  Cost  Item;  Miscellaneous  - Maint,  & Labor  Colunn:_ 

Name 


29 


COMPUTATION: 


Compute  OfcM  as  lO.i  of  capital  cost  of  this  item. 


EXPLANATION: 


Miscellaneous  includes  capital  cost  for  administration  building, 
monitoring  holes  for  ground  water,  also  outside  electrical  costs 
not  already  Included  in  other  major  components  and  laboratories. 


REFERENCES: 


Wri  ght-McLaughl  i n Engineers 


wastewater  management  survey  scope  study 
Cleveland  ■ akron  metropolitan  and  three  rivers  watershed  area 


L and  T r«a  tmen »/  F ormu  1 otion  Phase  2.  Sub  • Ite 

UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 


FOR  COLUMN  #: 


sheet  no.. 


. OP. 


ITEM:  Contingency 


JOB  NO.  7I_L  - 70 


KRW 


A.  Cost  Type:  Capital  Cost  

El.  General  Component  Heading: 

Transmission  Facilities  _______ 

Storage  Reservoirs  ____________ 

Land  Treatment  Site  


Operation  £ Maintenance  (O&H) 

Irrigation  System 

Drainage 

Miscellaneous  __________ 

C.  Cost  Item  Contingency  Column: 

Name 

COMPUTATION: 

1.  A 20-percent  contingency  allowance  will  be  added  to  the  total  cost  estimate 
to  allow  for  uncertainties. 

2.  An  additional  5-percent  will  be  added  for  engineering  and  design, 

3.  An  additional  5-percent  will  ^e  added  for  supervisi.3n  and  adm  in  i s t ra  t i on 
Total  contingency  added  is  30  percent  to  capital  costs. 


nATp9-1fe-72 


EXPL^TION: 


i / \ y tii  Ll^ 


REFERENCES:  V/astewater  Management  Program,  "Study  Procedure"  by  C.C.E  dated  May  i,  1972. 


FINAL  UNIT  COST  USED;  CAPITAL  COSTS  - 30% 


vvMPPimpipiP 


wastewater  MAN AGEmENT  SURVEY  SCOPE  STUDY 

Cleveland  • akron  metropolitan  and  three  rivers  watershed  area 


Lonii  T f o»fn»n  t/ F ormu  I Qt»on 


Pho»«  * 


Sub*  I 


UNIT  COST  CONTAINED  IN  DETAILED  COSTING  SHEETS 
FOR  COLUMN  0:  — 


SHEET  NO ! OF 

JOB  NO.  7I_2  • 70 


ITEM:  Contingency KRW  n/>Tp9-  6-72 

A.  Cost  Type:  Capitcl  Cost  Operation  S Maintenance  (0£M)  X 

B,  General  Component  Heading: 

Transmission  Facilities  ______  I r r i ga  t i on  System  _____ 

Storage  Reservoirs  ___________  Drainage  ____________ 

Land  Treatment  Site  Miscellaneous  


C.  Cost  I tern  Contingency 

Name 


Column : 


COMPUTATION: 

I.  For  OiM,  a 70%  contingency  will  be  added  for  uncertainties  and 
overhead/adml nl s t ra 1 1 on,  and  control  operations.  (No  EsD  or  S&A 
added  to  OSM) 


EXPLANATICN; 


REFERENCES:  Wastewater  Management  Program,  "Study  . rocedure,  ' Dy  OCE  dated 

May  1,  1972 


FINAL  UNIT  COST  USED:  CtM  Costs  - 20'/. 
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SECTION  III 

FARM  MANAGEMENT  TECHNIdUES 
OPERATION  AND  PERFORMANCE  OF  LAND  TREATMENT  SYSTEMS 


1 

Farm  management  varies  from  soil  to  soil.  For  optimum  performance  the  j 

management  techniques  must  be  specifically  designed  and  operated  to  meet  the 
physical  and  environmental  constraints  peculiar  to  each  location. 

Farm  management  for  the  Mahon i ng-El Isworth  soil  association  would  utilize 
the  overlanchf low/i nf i 1 tration  method  for  both  municipal/industrial  wastewater  j 

and  separate  storm  runoff. 

! 

On  Chili  soils,  spray  Irrigation  would  be  employed  with  center-pivot  j 

rigs  and  soild-set  sprinklers.  | 

J 

The  Western  Land  Treatment  Area,  which  accounts  for  the  major  portion  j 

j 

of  Irrigated  lands  in  Plan  C,  is  located  on  Card! ngton-BennI ngton  soils, 
where  center-pivot  rigs  and  solid-set  sprinklers  would  be  used.  The  Western 
Land  Treatment  Area  is  shown  in  Figure  11-2. 


WESTERN  LAND  TREATMENT  AREA  CROPS  AND  APPLICATION  RATES 

To  enable  farmers  to  maintain  the  current  practice  of  growing  30  to 
40  percent  corn,  farming  would  be  done  in  circular  strips  whenever  the 
center-pivot  irrigation  rigs  were  used.  Alternate  strips  of  Reed  Canary 
grass  and  corn  would  form  concentric  rings  approximately  14  feet  wide.  This 
width  would  accommodate  modern  machinery  and  allow  six  rows  of  corn  at  30- 
1 nch  spacing,  although  the  row  spacing  is  not  critical. 

Within  the  irregular  areas  between  the  center-pivot  irrigation  rigs, 
solid-set  irrigation  systems  would  be  used.  It  is  contemplated  that  Reed 
Canary  grass  would  be  grown  in  these  smaller  irregular  areas.. 


Several  patterns  of  corn-to-grass  crop  rotation  would  be  possible 
under  the  center-pivot  irrigation  rigs. 

For  exampie,  the  grass  strips  couid  be  maintained  for  three  to  ten 
years,  after  which  they  would  be  plowed  under  and  planted  in  corn.  The 
old  corn  strips  would  be  planted  in  grass  during  the  preceding  autumn. 

This  method  would  require  lower  than  average  irrigation  rates  until  approx- 
imately the  first  cutting,  to  allow  new  grass  to  become  established.  The 
reduction,  however,  would  not  significantly  diminish  the  annual  capacity  of 
the  land  treatment  area,  since  the  alternation  between  corn  and  grass  would 
be  made  for  only  10%  to  30%  of  the  irrigation  rigs  each  year. 

Another  method  of  crop  rotation  would  be  to  plant  Reed  Canary  grass 
over  the  entire  area  using  a desiccant  to  retard  growth  of  the  grass  in  the 
corn  strips  from  spring  to  early  fall.  The  grass  would  reassert  itself  in 
the  fall  and  become  the  grass  strips  in  the  following  year.  Corn  would  be 
planted  in  the  spring,  on  the  preceding  year's  grass  strips  after  the  desic- 
cant was  applied,  resulting  in  a no-tillage  type  of  farming. 

One  of  the  desiccants  used  would  be  Paraquat,  which  is  non-selecti ve 
when  applied  at  very  high  rates.  At  lower  rates  it  kills  annual  weeds  and 
grasses  while  preventing  growth  of  perennial  grasses  until  later  In  the 
season  by  acting  as  a contact  desiccant. 

Paraquat  is  subject  to  very  rapid  and  complete  inactivation  by  the  soil. 
Therefore,  there  is  no  danger  of  its  moving  with  the  drainage  water. 
(Herbicide  Handbook  of  the  Weed  Society  of  America,  Second  Edition,  1970). 

Low  concentrat Ions  which  might  occur  in  runoff  have  very  little  effect  on 
plant  and  animal  life  on  land  or  in  water.  (Ecological  Effects  of  Pesti- 
cides on  Non-Target  Species,  published  by  the  Executive  Office  of  the 
President,  June  1971). 
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Regrowth  of  the  grass  before  harvest  time  could  be  advantageous  in 
a wet  fall,  since  heavy  corn-harvesting  equipment  could  operate  in  the 
fields.  During  the  fall  of  1972,  some  of  the  corn  crop  was  lost  due  to 
the  problem  of  soft  ground  making  fields  impassable. 

Center-pivot  irrigation  rigs  would  apply  the  treated  wastewater  dir- 
ectly only  on  the  grass  strips  at  twice  the  average  application  rate.  For 
the  Cardi ngton-Benni ngton  soils  in  western  Ohio  on  which  an  average  appli- 
cation rate  of  75  inches  per  year  is  proposed,  the  grass  strips  would  receive 
150  inches  per  year.  The  spray  nozzles  would  produce  droplets  having  iow 
kinetic  energy,  which  would  limit  the  dispersion  of  soil  aggregates  upon 
impact.  Grass  cover  would  also  prevent  soil  dispersion  on  these  silty  soils. 

The  center-pivot  rigs  would  make  three  to  four  revolutions  daily 
applying  approximately  0. I8  inches  of  water  on  each  pass.  This  water  would 
infiltrate  long  before  the  next  rotation  of  the  sprinkler. 

On  the  area  irrigated  by  the  solid-set  sprinklers,  75  inches  of  water 
per  year  would  be  applied  uniformly  over  the  surface.  Applications  can  be 
scheduled  as  desired  at  a rate  of  approximately  0.25  inches  per  hour. 
Applications  of  2.5  inches  per  week  would  require  ten  total  hours  of 
sprinkling  at  this  rate.  Applications  on  these  lands  could  readily  be 
increased  to  120  inches  per  year  or  more,  which  provides  a safety  factor 
of  significant  proportions. 

APPLICATION  RATES  FOR  THE  THREE  SELECTED  SOILS 

The  selection  of  an  application  rate  for  each  soil  was  based  on  the 
parameters  of  infiltration  rate,  permeability,  nutrient  balance,  and  re- 
nova  tive  capacity  of  the  soil. 


I 
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I nf i 1 t rat i on  Rate 

Details  of  soil  infiltration  capacity  are  given  in  the  Land  Treatment 
Phase  I Technical  Appendix.  This  parameter  may  become  the  limiting  condition 
for  soils  with  a high  silt  content  in  the  upper  horizon,  which  is  character- 
istic of  both  the  Chili  and  Cardi ngton-BennI ngton  soils.  Large  drops  of 
water  on  the  bare  soil  have  a tendency  to  disperse  the  soil  structure,  which 
reduces  the  infiltration  capacity  and  forms  a thin  crust  upon  drying. 

a.  Chili  soi 1 s have  a silt  content  of  approximately  60  percent  in 
the  upper  two  feet.  Below  this  depth,  the  soil  generally 
changes  drastically  to  a sand  and  gravel  layer  where  the 

silt  content  drops  to  about  18  percent  as  shown  in  Table 
I 1-1  of  the  Land  Treatment  Technical  Appendix.  Deep  plowing 
to  a depth  of  30  to  36  Inches  could  overturn  the  soil  profile, 
depositing  the  coarser  soil  on  top.  Considerable  mixing  would 
be  likely  to  occur  under  these  circumstances. 

b.  Cardinqton-Benni ngton  soils  in  western  Ohio  have  relatively 
high  silt  contents  in  the  top  layer,  which  gradually  diminish 
with  depth.  Reed  Canary  grass  used  in  conjunction  with  a solid- 
set  irrigation  system  would  avoid  the  soil  dispersion  effect  of 
large  droplets  on  bare  soil.  Simi larly,  the  center-pivot  irri- 
gation rigs  can  be  used  successfully  with  alternate  strips  of 
corn  and  grass,  as  discussed  above.  The  infiltration  capacity 
of  the  Cardi ngton-Benni ngton  soil  was  the  single  most  Important 
constraint  governing  the  selection  of  the  farm  management  method. 
With  a total  grass  crop,  the  average  application  rates  could  be 
increased  to  about  120  inches  per  year  for  optimum  nitrogen  balance. 
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c.  Mahoni nq-E 1 1 sworth  soils  have  a lower  silt  content  than  the 
Chili  or  Card! ngton-Benn i ngton  soil  associations,  so  that  the 
infiltration  rate  is  dependent  not  on  surface  conditions,  but 
On  the  sub-surface  permeability  of  the  soil.  The  overland- 
f 1 ow/i nf i 1 t ra t i on  method  of  irrigation  is  proposed  for  the 
Mahoni ng-E 1 1 sworth  soils. 

Permeabi 1 i tv . 

The  permeability  of  a soil  controls  the  rate  at  which  percolating  water 
can  reach  the  tile  drain  system  and  the  degree  of  aeration  in  the  root  zone. 
Detailed  drainage  analyses  have  indicated  suitable  tile  spacinqs  greater  than 


those  selected  in  this  study.  The  analyses  were  based  upon  computations  using 
standard  agricultural  engineering  methods,  and  upon  recent  Ohio  field  tests 
made  on  similar  soils. 


The  drain  tile  spacing  in  the  Western  Land  Treatment  Area  is  satisfactory 
for  root  aeration  of  both  the  corn  and  the  Reed  Canary  grass  proposed  See 
Land  Treatment  Phase  II  Appendix. 

The  permeability  of  the  Card! ngton-Benni nrton  soils  varies  from  0.63 
to  2.0  inches  per  hour  in  the  plow  layer.  Beneath  this  zone,  the  permeability 
decreases  to  0.2  to  0.63  inches  per  hour. 

For  the  Mahoning  soils  the  overland-f low/i nf i I trat ion  method  on  Reed 
Canary  grass  was  chosen.  This  method  simulates  the  border  method  (overland 
flow)  of  releasing  the  water  at  the  upper  end  of  a ten-foot  wide  strip  and 
allowing  the  water  to  flow  by  gravity  towards  the  lower  end.  Any  water  re- 
maining at  the  lower  end  is  collected  and  released  to  the  next  lower  battery 
of  borders.  For  this  method,  90  inches  per  year  for  municipal/industrial 
effluent  and  150  inches  for  storm  water  were  selected.  The  higher  rate  for 
storm  water  was  used  because  of  the  considerably  lower  concentration  of 
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nutrients  and  BOD.  Permeability  of  these  soils  will  permit  complete  infil- 
tration of  the  wastewater  through  the  soil  zone,  which  will  result  in  a 
double  treatment. 

The  Chili  soils  are  sufficiently  permeable  so  that  this  parameter  does 
not  limit  any  reasonable  application  rate.  For  the  upper  two  feet,  the 
permeability  varies  from  2.0  to  6.3  inches  per  hour  and  increases  to  more 
than  12.0  inches  per  hour  below  the  C-horizon.  The  rate  of  60  inches  per 
year  was  selected  on  the  basis  of  nitrate  leaching  potential.  This  appli- 
cation rate  is  considered  conservative,  and  higher  application  rates  may 
be  found  reasonable  after  testing. 

Nutrient  -fiil  ance 

The  subject  of  nutrient  balance  is  discussed  in  a separate  subsection 
beginning  on  page  111-13.  Generally,  the  application  rate  is  selected 
to  provide  enough  nitrogen  for  optimum  crop  yields  without  losing  excessive 
nitrates  by  leaching.  An  allowance  should  also  be  made  for  up  to  40  to  50 
percent  nitrogen  loss  before  plant  uptake  of  nitrogen.  Much  of  this  nitrogen 
is  volatilized.  The  percentage  lost  to  the  atmosphere  will  depend  on  the 
soil  textuie,  temperature,  moisture  conditions  and  acidity. 

Renoyative  Capacity 

The  renovative  capacity  Is  dependent  upon  the  soil  and  plants.  Too  high 
an  application  rate  would  cause  an  excess  of  nitrogen  to  be  carried  into  the 
drainage  water.  The  amount  would  depend  on  the  type  of  crop,  soil  texture, 
organic  matter  in  the  soil,  and  other  factors.  The  selection  of  application 
rates  equal  to  60,  90  and  75  inches  per  year  on  the  Chili,  Mahoning  and 
Ca rdi ng ton-Benn i ng ton  soils,  respectively,  was  based  primarily  on  providing 
enough  nitrogen  to  the  crops  for  satisfactory  yields  while  meeting  the  max- 


inium  O.C.E.  levels  for  nitrogen  as  N of  4 mg/I. 

Renovation  of  wastewater  for  other  pollutants  such  as  phosphorous  and 
heavy  metals  is  related  more  to  the  soil's  capacity  to  store  these  elements, 
although  plant  uptake  Is  important  for  phosphorous  removal,  especially  that 
which  is  in  the  soluble  forms. 

The  renovation  of  the  wastewater  for  each  of  the  farm  management  methods 
is  discussed  in  detail  in  the  Land  Treatment  Phase  II  Appendix.  The  return 
flow  will  be  renovated  to  a degree  meeting  the  1985  effluent  goals. 

DRAINAGE 

Drainage,  both  surface  and  subsurface,  is  of  paramount  importance  to 
farmers  in  Ohio.  Artificial  drainage  helps  the  farmer  to  get  into  the  fields 
early  in  the  spring  and  at  harvest  time  during  a wet  fall  and  lessens  the 
possibility  of  depressed  yields  resulting  from  a prolonged  rainy  period. 

The  Chili  Association 

This  soi  is  relatively  coarse  having  a permeability  range  from  2.0 
to  6.3  inches  per  hour  in  the  A and  B horizons.  Below  this,  the  soil  has 
sand  and  gravel  texture  with  permeabilities  in  excess  of  12  inches  per  hour. 
For  an  application  rate  of  60  inches  per  year,  subsurface  drainage  would 
not  be  required  on  high  ground,  but  could  be  limited  to  the  low  areas  where 
the  water  table  is  high  in  the  spring.  For  cost  purposes,  drains  were 
assumed  to  be  constructed  at  a depth  of  five  and  one-half  feet  and  spaced 
60  feet  apart.  Shallow  wells  may  be  preferable  to  subsurface  drains,  espec- 
ially for  reuse  of  the  renovated  effluent. 

Cardi nqton-Benni nqton  Association  in  Western  Ohio 


This  soil  association  requires  subsurface  drainage  under  present  con- 


ditions.  The  drains  are  placed  approximately  inches  deep  at  the  top  of 
the  glacial  till.  The  drain  spacing  recommended  by  the  1965  Ohio  Drainage 
Guide  is  50  to  75  feet  for  general  crops.  The  permeability  of  the  "A" 
horizon  is  from  0.63  to  2.0  inches  per  hour  and  diminishes  to  0.2  to  0.63 
inches  per  hour  in  the  "B"  and  "C"  horizons. 

Two  types  of  irrigation,  the  center-pivot  and  the  solid-set  systems, 
have  been  proposed  for  these  soils.  The  large  center-pivot  irrigation  rigs 
would  be  suitable  for  about  75  percent  of  the  area,  and  the  irregular  areas 
remaining  would  be  irrigated  by  the  solid-set  system.  All  of  the  irrigation 
would  take  place  on  Reed  Canary  grass. 

Irrigation  will  cease  during  wet  periods,  corn  planting  and  during 
harvesting  periods.  When  irrigation  is  interrupted  during  the  planting  and 
harvesting  seasons,  the  water  table  will  tend  to  drop  to  the  level  of  the 
drains  at  about  36  inches.  When  the  irrigation  rigs  are  operating  full  time, 
the  phreatic  line  will  fluctuate  within  a relatively  narrow  range  between 
the  ground  surface  and  the  drains. 

The  best  estimate  of  the  drain  system  flow-through  rate  comes  from  Schwab 
and  Fouss.  Their  experimental  data  for  soils  with  characteristics  similar 
to  the  Mahoning  soils,  documented  the  performance  of  a system  with  a drain 
spacing  of  40  feet.  This  drain  system  discharged,  from  a saturated  profile, 
two  inches  per  day.  For  a 20-foot  spacing,  as  proposed  for  the  Cardington- 


Bennington  soils,  the  discharge  from  the  drains  should  approximately  double. 
Since  the  water  is  to  be  applied  on  only  one-half  of  the  surface  area,  eight 
inches  per  day,  including  rainfalls,  would  be  the  theoretical  maximum  appli- 
cation rate  for  the  hydraulic  capacity  of  the  soil  zone-drain  tile  system 
under  saturated  conditions.  The  proposed  irrigation  rate  is  approximately 
five  inches  per  week  on  the  grass  strips.  A drainage  analysis  is  presented  in 


the  Land  Treatment  Phase  II  Technical  Appendix. 


Mahoni nq  Soils 

The  method  of  irrigation  proposed  for  these  soils  is  similar  to  the 
border  system  still  used  in  the  western  states.  The  borders  would  be  ten 
feet  wide.  Water  would  be  released  at  the  upper  end  and  allowed  to  run 
overland  through  a grass  coverto  the  lower  end.  All  of  the  water  will 
infiltrate  through  the  soil  column  so  that  there  will  be  no  excess  at  the 
lower  end. 

The  permeability  of  these  soils  is  lower  than  that  of  the  Cardington- 
Bennington  soils,  ranging  from  0.2  to  0.63  inches  per  hour  in  the  upper  foot, 
and  from  0.063  to  0.2  inches  per  hour  in  the  next  I8  to  2k  inches.  These 
permeabi 1 i t i es  are  identical  to  the  Fulton  soils  on  which  Schwab  and  Fouss 
conducted  their  experiemnts.  In  this  case,  however,  the  water  will  be 
applied  once  a week  at  the  rate  of  about  two  and  one-half  inches  per  week 
(90  inches  per  year)  for  municipal  and  industrial  effluent,  and  about  four 
inches  per  week  (150  inches  per  year)  for  storm  water.  The  application  time 
wi  1 1 be  governed  by  the  infiltration  rate  and  length  of  run. 


CROPPING  AND  PROJECTED  PRODUCTION 

The  crops  currently  grown  in  northern  and  western  Ohio  include  corn, 
soybeans,  wheat,  oats  and  hay.  In  1970  these  crops  represented  approximately 
32%,  33%f  13%,  7%  3nd  15%  of  the  harvest,  respectively.  On  the  Cardington- 
Bennington  soils,  by  use  of  alternating  strips  of  grass  and  corn,  half  of 
the  area  under  the  center-pivot  system  would  be  planted  in  corn.  It  is  esti- 
mated that  75  percent  of  the  area  in  the  western  Ohio  land  treatment  site  can 
be  put  under  a center-pivot  system  which  al  lows  approximately  35  to  40  percent 
of  the  land  to  be  planted  in  corn.  The  remainder  would  be  in  Reed  Canary  grass. 
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The  overland -flow/i nfi 1 tration  method  recommended  for  the  Mahon i ng -El  1 sworth 
soil  association  requires  grass  for  the  entire  site.  For  convenience  in 
estimating  crop  production,  it  has  been  assumed  that  the  Chili  soils  will 
be  70  percent  corn  and  30  percent  grass.  With  the  above  assumptions  the 
values  of  the  crops  from  the  land  treatment  areas  are  shown  in  Table  lll-l. 

TABLE  I I 1-1 

SUMMARY  OF  CROPS,  YIELDS  AND  ANNUAL  GROSS  INCOME 
FOR  2020  FLOWS  IN  PLAN  C 


Soi  1 

Associ ation 

Crop 

Acres ( ' ^ 

Yield 

Amount  Unit 

Uni  t 
Pri  ce 

Gross 
Va  1 ue 
($/Acre) 

Gross 
To  ta  1 
Va  I ue 
($1000) 

Chili 

Co  rn 

9,284 

160 

Bu/Ac 

1.50 

240.00 

2,228 

Reed  Canary- 
g rass 

4,000 

4 

T/Ac 

50.00 

200.00 

800 

Mahoni ng 

Reed  Canary- 
grass 

6,280 

4 

T/Ac 

50.00 

200.00 

1.256 

CarHj  ngton- 

Cor  n 

41 ,300 

200 

Bu/Ac 

1.50 

300.00 

12,390 

Benni ngton 

Reed  Canary- 
grass 

.1^727 

5 

T/Ac 

50.00 

250.00 

19.182 

( 1 ) Does 

TOTALS 
not  inciude 

137,591 

land  i rrigated  by 

separate 

storm 

runoff 

35,856 

treatment  systems. 

The  yields  for  the  crops  shown 

above  are  based  ( 

3n  recommended  farm 

manag- 

ment  practices.  Nutrients 

will  be  p 

rovi ded 

by  the  wastewater.  The  unit 

pr i ces 

are  based  on  current  (April,  1973)  quotes  which  are  now  in  an  upward  trend  and 


higher  than  the  depressed  prices  received  by  the  farmers  a year  ago.  The 
gross  annual  return  per  acre  amounts  to  $262,  resulting  in  a net  profit  of 
about  $200  per  acre  to  the  farmer,  disregarding  costs  of  land  treatment  com- 
ponents. The  net  profit  also  includes  the  fertilizer  value  in  the  wastewater 
effluent  which  is  provided  at  no  cost  to  the  farmer,  but  has  a value  of  approx- 
imately $60  per  acre.  Without  the  amount  of  nutrients  provided  in  the  sewage 


effluent,  the  yields  would  generally  be  lower  since  most  Ohio  farmers  would 
not  spend  more  than  $40  per  acre  on  commercial  fertilizer.  Furthermore,  com- 
mercial fertilizers  in  Ohio  are  applied  once  or  twice  a year,  rather  than  in 
steady  daily  or  weekly  doses,  which  would  not  provide  the  nutrients  as  effi- 
ciently as  would  the  steady  applications.  Sewage  effluent  also  contains  other 
nutrients  in  readily  available  form  which  are  not  generally  provided  in 
commercial  fertilizers  unless  a critical  deficiency  has  been  indicated  by 


a county  extension  agent. 

In  the  future,  wastewater  renovation  ponds  and  reservoirs  may  provide 
a direct  source  of  cattle  feed.  The  University  of  California  at  Davis 
has  developed  and  tested  a pilot  plant  which  removes  algae  from  these  basins 
and  converts  i t to  a high-protein  cattle  food.  Analyses  have  shown  that  the 
protein  content  is  comparable  to  mature  alfalfa  hay  and  high  quality  oat  hay. 


SALINITY  CONTROL 


In  arid  areas  of  the  world,  a hazard  of  irrigation  is  the  salinization 
or  alkalization  of  the  soil.  This  hazard  is  related  to  the  quality  of  irri- 
gation water  and  to  subsurface  drainage. 

Water  quality  for  irrigation  depends  on  (1)  total  dissolved  solids  con- 
centration, (2)  the  proportion  of  sodium  to  other  cations,  and  (3)  the  presence 
of  special  toxic  ions  such  as  borate  or,  for  some  crops,  possibly  chloride, 
sodium,  or  bicarbonate.  Unfortunately,  usual  chemical  analyses  of  the 
Cleveland  shoreline  plants'  effluent  does  not  include  information  on  elements 
such  as  sodium,  potassium,  calcium  and  magnesium.  On  February  23,  1973,  a 
sample  of  the  Cleveland  Southerly  plant  was  analyzed  for  the  pertinent  elements 
with  the  following  results; 
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Calcium 
Sodi urn 
Magnes i urn 
Potass i urn 

Total  Dissolved  Solids 


92  mg/1 
150  mg/1 
4.  1 mg/1 
82  mg/1 
752  mg/1 i ter 


Sodium  chloride  and  calcium  chloride  are  used  on  the  streets  to  melt  the 
snow  and  ice  in  Cleveland.  > The  snow  was  melting  on  February  23,  1973. 

The  calcium,  sodium  and  total  dissolved  solids  in  this  sample  are  higher 
than  would  be  normal. 

The  U.S.  Salinity  Laboratory  uses  the  sodium  adsorption  ratio  (SAR) 
and  the  electrical  conductivity  of  the  water  as  criteria  to  evaluate  the 
sodium  hazards  of  irrigation  water.  For  this  particular  sample,  the  elec- 
trical conductivity  and  sodium  adsorption  ratio  is  equal  to  1175  micromhos/ 
cm  X 10^  and  4.2,  respectively.  A diagram  used  by  the  U.S.  Salinity  Labor- 
atory for  classifying  irrigation  water  based  on  the  above  two  parameters 
would  place  this  sample  into  the  better  quality  side  of  Class  C3~S1.  As 
far  as  sodium  is  concerned,  the  water  could  be  used  on  almost  all  soils 
with  iittle  danger  of  accumulation  of  harmful  amounts  of  exchangeable  sodium. 
In  an  arid  climate,  where  conservation  of  water  is  necessary,  there  would  be 
little  surplus  water  applied  which  would  leach  excess  salts  downward.  With 
such  practices  in  mind,  the  U.  S.  Salinity  Laboratory  classified  this  water 
as  a medium  salinity  water,  which  can  be  used  on  soils  of  medium  permeability. 
They  also  recommend  that  plants  of  moderate  salt  tolerance  should  be  selected 
and  that  special  salinity  control  management  should  be  used.  At  the  proposed 
irrigation  application  rates  of  6O  to  90  inches  per  year,  however,  salts  would 
be  leached  to  the  drainage  system,  so  that  they  would  not  tend  to  accumulate. 
In  the  moderately  humid  climate  of  Ohio,  at  high  application  rates  and  with 
the  proposed  drainage  tile  spacing  of  20  feet  the  leaching  would  constitute 


111-12 


a special  management  control. 

It  has  been  concluded  that  the  Cleveland  area  wastewater  is  quite 
suitable  for  irrigation  from  the  standpoint  of  salinity  and  the  SAR  of  the 
soil. 

An  advantageous  aspect  of  the  land  treatment  system  in  Plan  C relative 
to  total  dissolved  solids  is  the  fact  that  combining  storm  runoff  with 
municipal  and  industrial  wastewater  in  the  Western  Land  Treatment  Area  will 
reduce  the  TDS  concentration  of  the  muni ci pal /i ndus tr i a 1 wastewater  and  of 
the  effluent  discharged  to  natural  watercourses. 

NUTRIENTS 

Sewage  effluent  from  an  activated  sludge  plant,  or  an  aerated  lagoon, 
is  rich  in  nutrients  required  for  plant  growth.  Typical  sewage  effluent 
in  the  Study  Area  contains  macro-nutrients  such  as  nitrogen,  phosphorous, 
potassium,  calcium,  magnesium  and  sulphur;  and  micro-nutrients  such  as  iron, 
copper  and  zinc. 

When  sewage  effluent  is  utilized  in  a land  treatment  program  and 
applied  at  a rate  of  60  inches  or  more  a year,  most  of  these  nutrients  (with 
the  possible  exception  of  nitrogen)  exceed  plant  requirements.  This  excess 
is  usually  captured  by  soil  adsorption  onto  clays,  cation  exchange  or  attach- 
ment to  organic  matter.  In  areas  with  heavy  rainfall  and  good  soil  drainage, 
some  calcium,  magnes i urn  and  potass i urn  wi 1 1 migrate  with  the  soil  solution 
into  the  ground  water  aquifer  or  into  subsurface  drains. 

The  nutrients,  nitrogen,  phosphorous,  and  potassium  are  considered  primary 
nutrients  for  plant  growth  and  are  discussed  below. 

N i troqen 

More  laboratory  and  field  work  has  been  done  on  nitrogen  than  on  any 
other  plant  nutrient.  Despite  this  research,  conclusive  statements  about  the 
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behavior  of  nitrogen  in  the  soil  are  scarce.  Nitrogen  is  mobile  and  can  be 
transformed  from  the  solid  to  the  liquid  or  the  gaseous  state  under  the  proper 
conditions.  The  soil's  acidity,  temperature,  and  moisture  content,  and  the 
ava i lab  1 i 1 i ty  of  oxygen,  are  the  most  Important  variables  which  influence  the 
behaviour  of  the  element. 

The  concentration  of  nitrogen  in  effluent  from  a standard  activated 
sludge  plant  Is  approximately  20  mg/1.  Typically,  80  to  90  percent  of  this 
nitrogen  is  in  the  form  of  ammonium  ions.  Most  of  the  remainder  is  in  the 
organic  form  with  a small  amount  of  nitrate  and  nitrite  ions.  Wastewater 
which  has  received  treatment  In  an  aerated  lagoon  system  may  contain  more 
nitrogen  in  the  form  of  nitrates  than  wastewater  treated  In  an  activated 
sludge  plant. 

Nitrogen  uptake  by  plants  reaches  a peak  dun  the  growing  season,  In 

warm,  moist  weather  nitrification  of  the  ammonium  ion  also  proceeds  rapidly. 

Most  plants  require  some  of  the  nitrogen  to  be  1 n the  form  of  nitrates, 

although  the  roots  can  readily  accept  the  ammonium  ion  and  sometimes  prefer  it. 

o 

When  the  soil  temperature  Is  below  50  F,  nitrification  takes  place  much 
more  slowly.  Nitrogen  Is  then  stored  in  the  form  of  ammonia  and  held  by  the 
soil  colloids.  Experiments  have  been  conducted  in  which  anhydrous  ammonia 
fertilizer  is  applied  to  agricultural  land  for  several  years.  After  this 
period,  succeeding  applications  do  not  increase  the  crop  yields, as  large 
amountsof  nitrogen,  stored  in  the  form  of  the  ammonium  ion,  are  available  in 
the  sol  1 prof  I le. 

In  a sandy,  coarse-textured  soil,  excess  nitrates  will  eventually  migrate 
wl  th  the  ground  water  Into  the  subsurface  drainage  system  and  pass  Into  the 
creeks  and  rivers. 

Nitrate  leaching  may  occur  in  fine-textured  soils  but  the  extent  of  the 
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leaching  is  limited  by  the  soil's  basic  properties.  The  abundant  clay 
colloids  tend  to  store  the  nitrogen  as  ammonia  and  to  release  It  according 
to  the  plant  demand.  In  addition,  the  nitrates  migrate  more  slowly  through 
a fine-textured  soil,  giving  root  fibers  more  time  to  absorb  these  ions. 

When  sewage  effluent  is  applied  to  fine-textured  soils  at  a rate  of  two  to 
four  inches  per  week,  alternating  aerobic  and  anaerobic  conditions  result  in 
a nitrification-denitrification  process.  During  these  reversals,  nitrogen 
will  be  lost  to  the  atmosphere  in  the  form  of  nitrogen  gas  (N2).  This  loss 
may  equal  up  to  fifty  percent  of  the  nitrogen  applied. 


Application  Rates  and  Nitrogen  Balance 

To  ensure  the  proper  nitrogen  balance  in  soils  receiving  applications 
of  sewage  effluent,  the  application  rates  were  calculated  separately  for 
each  soil  type.  In  the  coarse-textured  soils  of  the  Cuyahoga  Basin  where 
there  is  some  risk  of  nitrate  leaching  to  the  ground  water,  application  rates 
have  been  limited  to  60  inches  per  year.  On  the  tighter  Cardi ngton-Benni ngton 
and  Mahon i ng-E 1 1 sworth  soils,  the  application  rates  have  been  set  at  75  and 
90  inches  per  year,  respectively. 

The  effluent  applied  on  the  Cardington-Benni ngton  soils  in  western  Ohio 
will  be  a mixture  of  muni ci pa  1 /i ndust ri a 1 wastewater  and  storm  runoff,  with 
nitrogen  concentrations  of  19.7  and  2.2  mg/1  respectively,  The  mixture  of 
83  percent  M £•  I wastewater,  and  17  percent  storm  runoff  will  result  in  an 
effluent  containing  nitrogen  at  approximately  16.4  mg/1,  as  stated  in  the 
Phase  II  Land  Treatment  Report.  At  an  average  application  rate  of  75  inches 
per  year,  the  average  nitrogen  application  would  amount  to  278  1 bs/acre/year . 
The  direct  application  rate  of  I50  inches  per  year  on  one-half  of  the  area 
irrigated  by  center-pivot  rigs  would  result  In  a nitrogen  application  of 
556  Ibs/acre/year  to  the  grass  strips  only.  Volatilization  losses  of  nitrogen 


I I 1-15 


Mill  range  up  to  50  percent  of  the  total  amount  applied.  Assuming  a 40% 
volatilization  loss  of  225  1 bs/acre/year  from  the  Card! ngton-Benni ngton 

soils  planted  in  strips  of  Reed  Canary  grass,  331  pounds  of  nitrogen  would 
be  available  for  crop  uptake  annually.  Assuming  a harvest  of  4.5  tons  of 
Reed  Canary  grass  per  acre  per  year  and  a nitrogen  content  of  62  lbs.  per 
ton,  the  crop  uptake  would  be  279  1 bs/acre/year  leaving  a balance  of  52 
Ibs/acre/year. 

There  are  three  possibilities  for  the  disposition  of  the  balance; 
leaching,  uptake  by  the  adjacent  corn  rows  and  storage  in  the  soil.  It  is 
estimated  that  the  adjacent  corn  rows  would  utilize  at  least  30  pounds  of 
the  excess  nitrogen  from  the  irrigated  grass  strips.  Neglecting  storage  of 
nitrogen  in  the  soil,  approximately  22  lbs.  of  nitrogen  per  acre  per  year 
would  migrate  through  the  soil  zone  to  be  carried  in  the  return  flow.  How- 
ever, this  represents  an  average  migration  of  11  Ibs/acre/year  from  the  gross 
acreage  under  irrigation  by  the  center-pivot  rigs. 

Based  upon  the  effluent  criterion  for  nitrogen  of  4.0  mg/1  for  Level 
II  Standards,  the  permissible  leaching  of  nitrogen  with  the  return  flow 
should  be  limited  to  the  range  of  50  - 70  Ibs/acre/year  or  approximately 
120  Ibs/acre/year  from  the  directly-irrigated  grass  portion  of  the  center- 
pivot  rig  acreage. 

If  only  Reed  Canary  grass  were  grown,  as  described  in  the  Phase  II  Report, 
average  application  rates  should  be  raised  to  120  inches/year  for  optimum 
balance  between  high-protein  grass  and  nitrogen  application. 

That  portion  of  the  Cardi ngton-Benni ngton  soil  irrigated  by  solid-set 
sprinklers  (25  percent)  would  receive  a nitrogen  application  of  only  2/8 
Ibs/acre/year.  The  optimum  nitrogen  application  for  Reed  Canary  grass  is 
approximately  445  Ibs/acre/year.  Therefore,  a substantial  safety  factor  exists 
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for  readjusting  the  application  rates  betvxeen  areas  irrigated  by  the  center- 
pivot  rigs  and  the  solid-set  equipment.  The  amount  of  water  applied  by  the 
solid-set  equipment  might  be  increased  to  120  inches  per  year,  permitting 
a I eduction  in  the  application  rate  of  the  center-pivot  rigs. 

On  Chili  soils  within  the  Three  Rivers  Watershed,  where  an  irrigation 
rate  of  60  inches/year  of  muni c ipal /! ndustr i al  effluent  has  been  proposed, 
the  annual  nitrogen  application  would  be  268  Ibs/acre,  Volati 1 ization  from 
this  relatively  coarse-grained  soil  would  account  for  a lower  percentage  of 
the  nitrogen  than  would  volatilization  from  the  Card i ngton-Benn i ngton  soils. 
Assuming  a nitrogen  loss  of  25  percent  of  67  1 bs/acre/year  through  volatil- 
ization from  the  Chili  soils,  an  annual  balance  of  201  Ibs/acre  would  be 
available  for  crop  uptake  or  leaching.  The  rate  of  nitrogen  uptake  would  be 
160  1 bs/acre^year  for  corn  and  significantly  more  for  Reed  Canary  grass, 
leaving  a maxiumum  of  4l  I bs/acre/year  for  leaching  and  storage  in  the  soil. 

The  application  of  90  inches/year  to  the  fine-grained  Mahoning  soils, 
using  the  over  1 and-f 1 ow/Inf 1 1 trat Ion  method  would  result  In  a nitrogen 
application  of  400  1 bs/acre/year . It  is  anticipated  that  crop  uptake  by 

the  Reed  Canary  grass  and  the  volatilization  of  nitrogen  would  account  for 
essentially  the  full  amount  of  nitrogen  applied. 

Phosphorous  Loading 

According  to  the  Phase  I Report  by  Havens  & Emerson,  the  phosphate 
contents  of  mun i ci pal /Indus trial  wastewater  and  storm  runoff  are  10.2  mg/I 
and  2.2  mg/I,  respectively.  At  the  Western  Land  Treatment  Area,  the  combin- 
ation of  mun i cipal /i ndustr i al  wastewater  and  storm  runoff  would  result  in  an 
approximate  phosphorous  concentration  of  8.3  mg/1,  as  stated  in  the  Phase  II 
Land  Treatment  Report.  With  an  application  rate  of  75  inches  per  year  the 
phosphorous  loading  would  amount  to  145  pounds  per  acre  per  year.  This  repre- 
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sents  approximately  three  times  as  much  phosphorous  as  would  normally  be 
applied  in  commercial  fertilizers  for  good  yields  on  typical  soils.  The 
excess  phosphorous  would  react  chemically  with  the  aluminum  and  iron  ions 
abundant  in  the  Cardington-Bennington  soils.  This  process  would  proceed 
rapidly  and  the  phosphorous  would  not  easily  be  released.  Calcium  Ions, 
provided  by  lime  applications,  would  combine  chemically  with  phosphorous 
to  form  a tightly  held  precipitate. 

These  processes  would  provide  a high  level  of  removal  at  the  Western 
Land  Treatment  Area.  The  treatment  will  meet  the  Level  II  Standards  easily 
and  may  satisfy  the  more  stringent  O.C.E.  Goals  of  0.10  mg/1  for  phosphorous 
as  PO^^.  Treatment  on  the  Mahoning-El Isworth  soils  utilizing  the  overland- 
flow/inf  I 1 trat  Ion  method  should  achieve  a similar  level  of  removal.  On  the 
more  coarsely  textured  Chill  soils,  the  application  rates  have  been  limited 
to  60  Inches  per  year  to  meet  the  Level  II  Standards. 

Potassium  Application 

Potassium  Is  a primary  crop  nutrient.  The  Ohio  Agronomy  Guide  suggests 
an  application  rate  of  250  pounds/acre  of  potassium  as  K for  best  crop  yields. 

This  crop  requirement  would  be  satisfied  by  a concentration  of  15  mg/1  In 
effluent  applied  at  a rate  of  75  Inches  per  year.  The  potassium  content  of  waste- 
water  from  the  Study  Area  has  not  been  documented  by  this  study,  but  certainly 
exceeds  the  crop  requirement.  Excess  potassium  would  be  leached  to  the  drainage 
system.  The  Level  II  water  quality  standards  do  not  set  a limitation  on  the 
concentration  of  potassium  In  treated  effluent,  since  it  Is  not  considered  a 
harmful  pollutant. 

RECYCLED  NUTRIENTS 

Nutrients  contained  In  wastewater  from  the  Cleveland-Akron  Metropolitan 
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and  Three  Rivers  Watershed  Area  represent  a substantial  resource,  which  will 
become  more  valuable  as  the  elements  become  scarce  and  the  cost  and  energy 
required  to  process  them  escalate.  Table  I I 1-2  presents  the  amounts  of 
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nitrogen,  phosphorous  and  potassium  contained  In  Study  Area  wastewater, 
storm  runoff  and  sludge,  summarized  according  to  treatment  facilities  pro- 
posed in  Plan  C for  the  year  2020.  The  value  of  these  nutrients  was  based 
on  1972  unit  costs  of  15  cents  per  pound  for  nitrogen,  ten  cents  per  pound 
for  phosphorous,  and  five  cents  per  pound  for  the  amount  of  potassium  re- 
commended for  crops.  The  net  totals  for  the  value  of  phosphorous  were 
halved,  since  the  total  amount  applied  to  the  land  would  be  twice  that 
required  for  top  yields. 

The  estimated  value  of  the  reclalmable  nutrients  Is  $9,^50,000  for  the 
year  2020.  ^Approximately  $705,000  worth  of  nutrients  from  the  water-based 
Akron  plant  are  not  Included.)  The  additional  value  of  the  secondary  nutrients 
sulfur,  calcium  and  magnesium,  and  the  mirco-nutrlents  contained  In  the 
effluent  and  sludge  has  not  been  estimated.  However,  the  value  of  these 
nutrients  may  increase  considerably  as  the  costs  to  process  similar  fertil- 
izers escalate. 
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TABLE  I 1 1 -2 

SUMMARY  OF  NUTRIENTS  IN  SEWAGE  EFFLUENT,  STORMWATER  AND  SLUDGE 
(Based  on  2020  Flows  in  Plan  C) 


NITROGEN  PHOSPHOROUS 

Million  Million 

Lbs.  $1000  Lbs.  $1000 

WESTERN  OHIO  LAND  TREAT- 
MENT AREA 


Sewage  Effluent 

32.9 

$4800 

17.3 

$ 860 

Storm  Runoff 

.2 

30 

. I 

5 

S 1 udge 

435 

1.7 

Subtota 1 

36.0 

$5265 

19. 1 

$ 950 

IN-BASIN  TREATMENT 

Sewage  Effluent 

5.6 

$ 840 

2.9 

$ 145 

Storm  Runoff 

1.5 

225 

.3 

15 

Sludge 

-0.1 

Zi 

0.3 

15 

Subtota 1 

7.6 

$1140 

3.5 

$ 175 

AKRON  TREATMENT  PLANT 

Sewage  Effluent  * 

9.0 

$ 135 

4.6 

$ 230 

S 1 udge 

1.6 

240 

1 .6 

80 

Subtotal 

10.6 

$ 375 

6.2 

? 310 

TOTAL 

54.2 

$6780 

28.8 

$1435 

POTASSIUM 

Million 

Lbs.  $1000 


4.3  $ 215 


7.1  $ 285 


6.8  $ 340 
0.8  40 

$ 380 

51.5  $1940 


* These  nutrients  would  be  discharged  to  the  Cuyahoga  River  and  would  not 
be  recta imabte. 


HEAVY  METALS 


Sources  of  Heavy  Metals 


The  metals  In  urban  wastewater  are  generated  by  industry,  domestic  wastes 
and  storm  runoff.  The  Industrial  sources  have  been  studied  by  AWARE  and  are 
discussed  In  detail  In  their  Industrial  Wastes  Phase  I Report.  Five  possible 
levels  of  industrial  pretreatment  were  defined  and  costed  by  AWARE.  These 
alternatives  varied  substantially  In  cost,  depending  upon  their  removal  criteria. 
Alternative  3 provided  for  the  most  complete  In-house  Industrial  treatment  and 
was  the  most  expensive  alternative,  with  a present  worth  cost,  at  seven  percent 
interest,  of  $1,013.8  million.  Alternative  5A,  which  called  for  a lower  degree 
of  Industrial  pretreatment  with  removal  completed  by  land  treatment,  had  a 
present  worth  of  $518.7  million  ( at  seven  percent  Interest),  or  a present  worth 
approximately  half  that  of  Alternative  3.  The  cost  of  Industrial  pretreatment 
is  thus  In  the  same  general  range  as  that  of  the  total  municipai/industrial 
treatment  system,  which  Is  approximately  $1,400  million. 

The  U.S.  Army  Corps  of  Engineers  has  directed  that  all  three  wastewater 
management  plans  include  Alternative  3>  with  a high  removal  of  heavy  metals; 
therefore,  the  discussion  of  confined  disposal  of  heavy  metals  from  Industry 
in  the  soil  zone  using  land  treatment  Is  Intended  for  general  Information  pur- 
poses only. 

Section  X of  the  Land  Treatment  Phase  I Report  provides  a discussion  con- 
cerning the  potential  load  of  heavy  metals  from  Industry  and  their  accumulation 
in  the  soil.  Specific  reference  Is  made  to  Table  X-8  which  tabulated  long-term 
concentrations  of  some  typical  heavy  metals,  assuming  no  industrial  pretreatment 
to  remove  them.  Furthermore,  these  metal  loadings  assume  no  major  future  change 
In  the  present  philosophy  of  use  and  conservation  of  natural  resources  by 
Industry. 
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Stormwater  contributes  heavy  metals  to  the  total  treatment  load  as  It 
cleanses  the  streets,  parking  lots,  lawns,  driveways,  raw  material  stockpiles, 
and  open  Industrial  areas.  The  stormwater  carries  litter,  particulate  exhaust 
emissions,  hydrocarbons,  heavy  metals,  toxic  compounds,  fertilizers,  and 
pesticides.-' 

The  heavy  metals  washed  Into  receiving  waters  dut ing  a 0.5  tnch/hour 
rainstorm  from  a typical  urban  area  of  one  (1)  million  people  were  estimated 
by  Condon; 

TABLE  I I 1-3. 


STORM  RUNOFF  FLUSHING  OF  HEAVY  METALS 
Elements 


Runoff  Load  1 n 
Lbs/Hours 


Z 1 nc 
Copper 
Lead 
N 1 eke  1 
Mercury 


2,600 

800 

2,300 

200 

290 


The  domestic  contribution  of  heavy  metals  is  not  well  known  because  nearly 
all  municipal  effluent  contains  Industrial  wastes  to  some  extent.  However,  a 
review  of  the  lables  of  typical  household  products  such  as  cleaners,  breakfast 
foods,  vitamin  pills,  toothpaste  and  common  medicines  Indicates  that  a steady 
stream  of  heavy  metals  Is  contributed  by  domestic  sewage. 


Heavy  Metal  Uptake  by  Crops 

Typical  quantities  of  some  heavy  metals  found  in  common  crop  plants  are 
presented  In  Trble  MI-4.  Since  general  agricultural  conditions  cause  tremen- 
dous variability  in  uptake,  the  figures  given  represent  values  near  the  middle 
of  the  range  reported.  (Allaway,  1968,  and  Chapman,  1966).  The  average  values 
given  in  the  final  column  were  used  to  calculate  the  amounts  of  heavy  metals 
removed  from  the  soil  by  typical  plant  growth,  as  shown  In  Table  I 1 1-5.  The 
annual  heavy  metals  uptake  was  calculated  based  upon  an  average  removal  of 
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* Condon,  Francis  J.  "Treatment  of  Urban  Runoff",  APWA  Reporter. 


METALS  IN  TTPICAL  CROPS 


REMOVAL  OF  TYPICAL  HEAVY  METALS  BY  PLANTS 
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three  tons  of  dry  plant  material  per  acre.  This  removal  figure  is  too  high 
for  some  plants  and  too  low  for  others,  but  it  is  sufficiently  accurate  to 
illustrate  the  point  that  a'  fairly  low  percentage  of  the  heavy  metals  added 
each  year  would  be  removed  with  the  crops.  As  indicated  in  Column  6 of 
Table  1 1 1-5,  the  percentage  removal  would  range  from  less  than  1 to  about 
16  percent. 

The  capacity  of  soil  to  adsorb  heavy  metal  ions  varies  widely,  but  is 
at  least  20,000  1 bs/acre-foot  slice.  Of  the  elements  treated  in  this  report, 
exclusive  of  iron,  soils  contain  about  2,000  - 2,500  Ibs/acre-foot  slice.  The 
amount  of  these  elements  added  each  year  with  75  inches  of  effluent,  would  be 
about  20  - 40  Ibs/acre-foot  slice  (exclusive  of  iron).  This  is  a fairly  insig- 
nificant amount  compared  to  the  total  adsorption  capacity  of  the  soil.  It  also 
represents  a small  percentage  of  the  natural  "background"  concentration  of 
these  elements  in  soils. 

The  total  amount  of  a particular  heavy  metal  present  in  the  soil  may  not 
be  very  meaningful  in  terms  of  plant  growth,  plant  toxicity  or  leaching.  It 
is  the  solubility  of  the  element  that  is  most  critical  and  this  information  is 
difficult  to  isolate  due  to  the  many  factors,  such  as  soil  pH,  degree  of  soil 
aeration,  texture  and  kind  of  clay  mineral,  organic  matter,  temperature  and 
moisture,  which  cause  variations.  The  most  critical  factor  is  soil  pH,  be- 
cause the  solubility  of  heavy  metals  is  closely  dependent  upon  it.  Generally, 
as  pH  increases,  solubility  decreases. 

A brief  discussion  of  some  important  heavy  metals  is  given  below: 

Cadmi urn.  The  chemistry  of  cadmium  is  somewhat  similar  to  zinc.  It  would 
take  more  than  100  years  of  adding  .075  Ibs/acre/year  to  reach  the  upper  limit 
of  the  normal  range  of  cadmium  In  soils.  John  et  al.  (1972)  showed  that  90  lbs/ 
acre  of  cadmium  added  to  the  soil  surface  over  several  years  did  not  irove  below 

111-25 


i 

the  4-inch  level  in  the  soil  profile.  They  also  showed  little  increase  in 
cadmium  uptake  in  oats,  Traynor  and  Knezek  (1972)  found  some  increase  in 
uptake  in  corn  with  cadmium  application  to  the  soil.  Unless  soluble  and 
mobile  complexes  with  low  molecular  weight  organic  compounds  are  formed, 
there  should  be  little  danger  of  leaching  in  high  pH  soils  (Murrmann  and 
Koutz,  1972). 

Chromi urn.  Although  the  three  pounds  of  chromium  per  acre  per  year  to  ! 

be  added  to  soil  through  land  treatment  of  effluent  is  relatively  high  com- 
pared to  some  of  the  other  heavy  metals,  it  has  a low  solubi 1 i ty  and  for 
several  years  this  addition  should  be  well  within  the  normal  range  in  soils. 

Knezek  (1973)  indicated  that  soils  have  a high  capaci ty  to  fix  chromium. 

Pratt  (1966)  found  no  appreciable  accumulation  of  chromium  in  plants  in  cases 
where  chromium  toxicity  has  been  thought  to  exist.  However,  Turner  and  Rust 
(1971)  found  a chromium  toxicity  in  soybeans  when  10  lbs.  chromium  per  acre 
was  added,  although  the  concentration  of  chromium  in  the  plants  was  not  reported. 

Soane  and  Saunder  (1959)  showed  that  chromi urn  added  to  sand  cultures  at  concen- 
trations of  10  ppm  caused  toxicity  to  tobacco  plants;  however,  they  did  not 
prove  that  a high  chromium  content  in  the  serpentine  soils  was  the  cause  of 
i nfer  t i I i t y . 

Copper . Ellis  and  Knezek  (1972)  showed  that  copper  would  be  bound  to 
organic  and  clay  complexes  near  the  soil  surface,  Reuther  and  Labanauskas 
(1966)  reviewed  the  chemistry  and  toxicity  of  copper  and  indicated  that  it 
should  cause  no  plant  toxicity  problems.  Mitchell  (19^4)  showed  that  there 
would  be  a minimal  leaching  of  organic  complexes  containing  copper  into  drain- 
age waters.  With  the  small  amount  of  copper  added  each  year  in  effluent  there 
should  be  few  if  any  problems  for  many  years,  as  long  as  the  pH  of  the  soil 
is  maintained  near  7.0. 
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I ron.  Relatively  large  quantities  of  iron  compared  to  other  heavy  metals 
will  be  added  in  the  effluent,  but  compared  to  the  total  of  50  tons  or  more 
per  acre-foot  slice  in  soil  already,  it  is  a minute  amount.  Since  the  added 
iron  will  be  fixed  rapidly  (Mitchell,  1962),  and  since  iron  is  seldom  toxic 
to  plants  grown  in  natural  soils  (Wal lahan,  1966),  little  if  any  problem  should 
result  from  the  effluent  addition  to  soils  of  high  pH.  The  major  potential 
problem  could  be  interaction  with  the  uptake  of  zinc  and  manganese,  if  the 
pH  of  the  soil  were  to  drop.  (Mitchell,  1964;  Sauchelli,  1969;  Wal lahan,  1966). 

Lead.  Plants  can  accumulate  high  concentrations  of  lead  (64  - I96  lbs/ 
acre,  according  to  Cox  and  Rains,  1972)  although  it  is  not  known  to  be  essential 
for  animal  or  plant  growth.  Much  of  the  lead  from  sewage  treatment  plants 
remains  with  the  sludge,  so  that  the  effluent  has  a low  concentration  of  this 
element.  (Lead  solubility  is  low  at  pH  of  7.0,  so  leaching  should  present 
little  problem.)  Plants  will  die  of  lead  toxicity  before  the  concentration 
reaches  levels  high  enough  to  be  toxic  to  animals  (Allaway,  I968).  Solution 
culture  with  lead  concentrations  up  to  200  ppm  had  no  depressing  effect  on 
apples  and  grapes  (Childers,  1941).  Similar  results  with  orange  seedlings  were 
found  in  California  (Vanselow  and  Bradford,  I960).  However,  Wilkins  (1957) 
found  that  lead  concentrations  of  10,  30,  and  100  ppm  in  solution  cultures, 
measureably  retarded,  markedly  retarded  and  stopped  growth  respectively  of 
fescue  plants. 

N i ckel . Nickel  is  not  known  to  be  essential  for  plant  growth  but  is 
taken  up  by  plants  in  concentrations  of  0.5  to  I50  ppm.  Two  ppm  of  nickel  is 
quite  normal.  A mi ddle-of-the-range  concentration  in  soils  would  be  100  ppm 
(Swaine,  1955),  most  of  which  is  not  soluble  at  any  given  time.  The  amount  of 
soluble  nickel  approaches  1 ppm  (Vanselow,  1966).  In  all  but  serpentine  and  basic 
igneous  rock-derived  soils,  nickel  toxicity  should  not  be  a serious  problem. 
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• L i I t 1 «•  is  knoMti  iilioiil  silver  in  soils,  except  that  it  occurs 
almost  universally  but  only  in  minute  amounts.  Seldom  does  it  exceed  I ppm 
(Vanselow,  1966;  Rogers  et  al.,  1939;  Swaine,  195' ).  It  has  been  reported 
in  plant  tissue  in  amounts  of  less  than  0.01  and  no  higher  than  1.3  ppm  in 
the  dry  matter.  The  occurrence  of  toxic  amounts  of  silver  is  quite  unlikely 
because  of  its  extremely  low  solubility.  Little  leaching  and  movement 
through  the  soil  profile  should  occur. 

Zinc.  Although  zinc  additions  may  be  high  from  some  effluents,  comparable 
quantities  are  added  as  a fertilizer  on  field  beans  and  corn  in  Michigan 
(Virande  et  al.,  196?)  with  beneficial  effects.  Melton,  et  al.  (1970)  in- 
dicates that  there  5s  little  danger  of  leaching  or  toxicity  from  zinc  added 
with  effluent,  unless  a zinc-sensitive  plant  is  grown.  Allaway  (1968)  indicated 
that  some  animal  feeds  are  deficient  in  zinc,  so  additional  zinc  could  be  bene- 
ficial to  animals.  Zinc  is  needed  at  a concentration  of  8 - 1 5 ppm  in  the  forage 
dry  matter.  Animals  require  about  10  - 40  ppm  zinc  in  the  diet.  At  200  ppm  of 
the  dry  matter  zinc  is  toxic. 

An  unpublished  work  of  Sabey  and  Hart  (1973)  indicated  that  there  was  a 
build-up  of  extractable  zinc,  copper,  iron  and  manganese  on  an  irrigated  sandy 
loam  in  the  zone  of  incorporation  of  sewage  sludge.  No  downward  movement  of 
these  elements  occurred  during  the  first  year  after  application. 

The  elements  in  Table  lll-IV  should  pose  no  serious  threat  to  the  ground- 


water  or  to  plants  growing  on  medium  to  fine-textured  soils  if  the  pH  of  the 
soil  is  maintained  near  7.0.  If  however,  the  pH  of  the  soil  decreased  to  below 

6,0,  there  is  a possibility  of  increasing  solubility  of  several  of  the  elements, 
therefore  increasing  the  likelihood  of  groundwater  pollution  and  plant  toxicity. 
Heavy  Metal  Management 

Maintenance  of  a sufficiently  high  pH  (equal  to  6.0  or  more)  in  soils 
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receiving  heavy  metals  would  be  an  important  part  of  land  management  unless 
monitoring  demonstrated  that  Somewhat  increased  solubilization  of  the  heavy 
metals  at  lower  pH  values  was  not  a hazard.  Maintaining  the  pH  at  this  level 
should  pose  no  problem  for  agriculturalists,  as  good  farm  management  generally 
dictates  the  use  of  lime  to  raise  the  pH  to  approximately  6.5.  Lime  appli- 
cations are  common  on  Ohio  soils. 

The  Ohio  1972-1973  Agronomy  Guide,  Bulletin  472,  published  by  the 
Cooperative  Extension  Service  of  Ohio  State  University,  reported  that  lime 
applications  on  acid  soils  often  return  $6.00  to  $9-00  for  every  dollar  in- 
vested. According  to  this  bulletin,  approximately  ten  tons  per  acre  would  be 
required  to  increase  the  present  soil  pH  of  about  5.5  to  a level  of  6.5. 
Subsequent  annual  lime  applications  of  about  three  tons  per  acre  per  year 
may  be  required  to  maintain  the  pH  at  about  the  6.5  level. 

It  is  clear  that  the  possibility  of  toxicity  to  plants  is  greatest  with 
an  acid  soil  (pH  less  than  approximately  6.0). 

Field  tests  conducted  at  the  University  of  Illinois  have  shown  the 
feasibility  of  managing  heavy  metals  on  agricultural  land.  Should  monitoring 
indicate  an  undesirable  rate  of  accumulation  for  a particular  heavy  metal, 
management  steps  might  include  reduction  of  that  metal  at  the  source,  incor- 
poration of  special  removal  processes  at  the  secondary  treatment  stage,  re- 
cycling of  the  element  by  industry,  and  rotation  or  substitution  of  crops. 
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